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ABSTRACT 
Cardiorespiratory fitness is a well-established critical physiological attribute that is frequently 
evaluated by employers for entry or retention within physically demanding trades.  Despite the 
importance of cardiorespiratory fitness for occupational performance, the ability of cardiorespiratory-
based tests to accurately identify physically capable and incapable employees has been questioned.  
Furthermore, the methodological approach adopted by scientists to develop and validate minimum 
acceptable cardiorespiratory-based standards is inconsistent.  Therefore, the current project 
investigated the critical steps within the methodological framework for establishing a bona fide 
cardiorespiratory-based physical employment standard.  These steps included the development of 
task simulations, the determination of a minimum performance standard, and the validation of 
cardiorespiratory-based tests. 
 
The first investigation (Chapter 3) compared the physiological demand of a task simulation 
developed by a group of experiential experts (Expert Panel 1, N = 10) with a previously developed 
task simulation by an independent group of experiential experts (Expert Panel 2, N = 15).  The second 
investigation (Chapter 4) compared the work rate perceived by an experiential expert group (N = 26) 
as acceptable whilst performing a criterion task with the work rate perceived as minimally acceptable 
using the Bookmark method.  Additionally, the second investigation explored the validity of different 
cardiorespiratory-based predictive tests. 
 
The results indicated that the physiological demand associated with a task simulation was dependent 
upon the group of experts that developed the task simulation.  That is, the time taken to complete the 
task simulation developed by Expert Panel 1 represented a significantly (p = 0.043) lower percentage 
of the maximal acceptable work duration compared to the simulation developed by Expert Panel 2.  
Additionally, it was found that of the 26 experiential experts involved in the Bookmark method 
investigation, 15 completed the task simulation at a slower work rate than that perceived as 
minimally acceptable using the Bookmark method.  Therefore, a mismatch was identified between 
the work rate perceived by the experiential experts as acceptable whilst performing the task and that 
perceived as minimally acceptable using the Bookmark method.  Lastly, it was found that 
performance on two cardiorespiratory-based occupational tasks was not well predicted by generic 
cardiorespiratory-based tests such as the 12-min run (r2 = 0.09 – 0.44), multi-stage shuttle run (r2 = 0.12 
– 0.16), and 2.4 km run (r2 = 0.01 – 0.03). 
 
Based upon the findings of the current investigations several recommendations were made to assist 
the development of future bona fide physical employment standards.  Firstly, consultation with 
multiple groups of experiential experts is required to ensure the development of valid task 
simulations.  Secondly, performance standards developed using the Bookmark method should be 
established with consideration to the actual work rate adopted during safe and efficient completion of 
the task.  Lastly, cardiorespiratory-based employment tests should be selected with consideration to 
the characteristics of the test, the characteristics of the criterion task, and the population to which the 
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The field of physical employment standards has been shaped by the long-standing 
expectation of a highly capable and injury resistant workforces within physically 
demanding occupations, supported by legislative guidelines that ensure a non-
discriminatory selection process (Equal Employment Opportunity Commission, 1978).  
To enable the development of valid, legally robust physical employment standards, a 
methodological framework for the development of bona fide selection tests and 
performance standards has been established (Table 1.1).  This methodological 
framework represents a multi-phase process consisting of numerous validation steps 
and embodies the contributions of numerous authors (Constable & Palmer, 2000; 
Gledhill & Bonneau, 2000; Payne & Harvey, 2010; Petersen et al., 2016; Taylor & 
Groeller, 2003; Tipton et al., 2013).  Despite the established framework, the 
methodological approach adopted by scientists to develop and validate minimum 
acceptable cardiorespiratory-based standards has varied throughout the literature.  
Therefore, the current project investigated a number of critical steps within the 
methodological framework for establishing bona fide cardiorespiratory-based physical 
employment standards. 
 
The development of bona fide employment standards is relevant to occupations 
whereby insufficient performance may jeopardise the safety of the worker, co-worker, 
or public (Gumieniak et al., 2011; Jamnik et al., 2013).  Consequently, the majority of 
research concerning the development of physical employment standards has focused 
upon the emergency services (Blacker et al., 2015; Fullagar et al., 2015; Gledhill & 
Jamnik, 1992b; Michaelides et al., 2008; Petersen et al., 2008; Siddall et al., 2014), military 
(Bilzon et al., 2002; Rayson et al., 2000; Richmond et al., 2008), and beach lifeguards 
(Milligan, 2013; Reilly et al., 2006a; Reilly & Tipton, 2005).  Within such occupations, 
cardiorespiratory fitness is a well-established critical physiological attribute (Bilzon et 
al., 2001b; Gledhill & Jamnik, 1992a; Reilly et al., 2006b; Rodríguez-Marroyo et al., 2012; 
Sothmann et al., 1992).  As a consequence, cardiorespiratory fitness is often a 
physiological fitness attribute assessed within bona-fide employment standards testing 
protocols (Vanderburgh & Flanagan, 2000; Wynn & Hawdon, 2012).    
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Table 1.1: The methodological framework of establishing bona fide employment 
standards 
Note:  Adapted from Gledhill and Bonneau (2000) and Petersen et al. (2016). 
 
  
Phase Step Description  
1 1 Justify establishing an employment standard 
 2 Appoint a management team with appropriate knowledge and experience 
2 3 Familiarise the researchers with job requirements and duties 
 4 Preliminary job review and analysis 
 5 Identify the essential and physically demanding tasks 
 6 Approve and validate the list of essential and demanding tasks 
 7 Produce a subset of tasks using employee surveys or focus groups 
3 8 Characterise those tasks: observe, measure, quantify 
 9 Identify the criterion tasks 
 10 Approve and validate the criterion tasks 
4 11 Develop physiological screening tests 
 12 Standardise screening tests, including administrative procedures 
 13 Approve and validate screening tests and procedures 
5 14 Evaluate screening test validity and reliability  
 15 Approve standard development for test performances 
6 16 Develop test performance standard and cut-scores 
 17 Approve and validate test performance standards and cut-scores 
 18 Implement screening tests 
7 19 Develop instructional and preparatory guidelines for candidates 
 20 Review selection process and outcomes as the job changes 
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To establish a bona fide performance standard, numerous steps of the methodological 
framework are dependent upon task simulations.  Task simulations allow for the 
physiological demands of the criterion task to be quantified (Phase 2; Step 8 Table 1.1), 
and also for a criterion performance measure to be established; a requirement for the 
validation of predictive selection tests (Phase 3; Step 13 Table 1.1).  The validity of a 
task simulation relies upon the replication of a typical scenario encountered within the 
workforce (Blacklock et al., 2015).  To satisfy this requirement, task simulations are 
developed upon input from incumbents with extensive experience of the criterion task.  
These incumbents, termed experiential experts, are utilised to establish the 
specifications of task simulations including the duration, intensity, environment, and 
the techniques used (Blacklock et al., 2015).  Within recent communications, numerous 
authors have recommended the selection of experiential experts with a wide range of 
experience and expertise to ensure the development of a task simulation that is 
appropriately representative of a typical operational scenario (Blacklock et al., 2015; 
Milligan et al., 2016b; Zumbo, 2016).  These recommendations have followed literature 
demonstrating that experiential expert input regarding task analysis and job 
performance is influenced by the characteristics of the expert panel involved (Ferris et 
al., 1985; Landy & Vasey, 1991; Tross & Maurer, 2000).  However, it appears that no 
research has investigated the variations in task simulations developed by independent 
groups of experiential experts.  Therefore, the current research project investigated the 
potential variation in physiological demand associated with a task simulation 
developed independently by two groups of experiential experts. 
 
In addition to the development of task simulations, Phase 3 of the methodological 
framework also requires the selection and validation of selection tests (Table 1.1).  
Commonly, the assessment of cardiorespiratory fitness involves generic fitness 
assessments such as the multi-stage shuttle run test (Bilzon et al., 2002; Jamnik et al., 
2010a; Stevenson et al., 1988).  Organisations often favour generic cardiorespiratory 
tests as they are easy to administer to large cohorts of people, and do not require 
skilled trainers to conduct the test (Cooper, 1968; Leger & Lambert, 1982).  Generic tests 
are also popular due to their well-established relationship (r2 = 0.80 – 0.94) with aerobic 
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power; the gold standard measure of cardiorespiratory fitness (Cooper, 1968; Leger & 
Lambert, 1982; Ramsbottom et al., 1988; Vanderburgh, 1995).  The advantages 
associated with generic cardiorespiratory-based tests has led to considerable research 
focusing upon the ability of generic tests to predict occupational performance (Bilzon et 
al., 2001a; Jackson et al., 1984; Michaelides et al., 2008; Pandorf et al., 2002; Rayson et al., 
2000; Rice & Sharp, 1994b; Richmond et al., 2008; Stevenson et al., 1988).  Such studies 
have utilised multiple regression analyses to determine best-fit prediction models for 
criterion tasks; with generic cardiorespiratory-based tests often included as a variable 
within the prediction models (Pandorf et al., 2002; Rayson et al., 2000; Richmond et al., 
2008; Stevenson et al., 1988).  Despite these findings, the ability of generic 
cardiorespiratory tests to accurately predict employee performance has been 
questioned due to their inability to include certain task characteristics (Bilzon et al., 
2001a; Bishop et al., 1999; Pandorf et al., 2002).   
 
One specific criterion task characteristic that may impact the validity of generic tests, 
particularly within the military and emergency services, is load carriage.  Bilzon et al. 
(2001a) demonstrated that when predicting the ability to carry a load, assessments that 
involve participants running without an external load induce a systematic bias against 
heavier personnel.  The importance of this finding cannot be underestimated as the 
majority of generic cardiorespiratory-based tests within physical employment standard 
assessment testing protocols require an unloaded running modality (Bilzon et al., 2002; 
Michaelides et al., 2008; Pandorf et al., 2002; Rayson et al., 2000; Rice & Sharp, 1994b; 
Richmond et al., 2008; Stevenson et al., 1988).  In contrast, the majority of demanding 
cardiorespiratory-based occupational tasks involves the movement of external loads 
(Bilzon et al., 2001b; Gledhill & Jamnik, 1992a; Rodríguez-Marroyo et al., 2012; Taylor et 
al., 2015b).  For the assessment of load carriage performance, alternate types of 
cardiorespiratory-based tests, such as those requiring running with a load 
(Vanderburgh & Flanagan, 2000), along with non-weight bearing exercises such as 
those performed on an ergometer (Vanderburgh, 1995), have been recommended for 
inclusion within employment testing protocols.  Despite such recommendations, the 
ability of different generic cardiorespiratory-based tests to predict performance on 
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occupational tasks requiring the movement of external load has not been compared.  
Therefore, the current research project investigated the validity of different types of 
cardiorespiratory-based tasks for an occupational task that required the movement of 
external load. 
 
The validity of generic cardiorespiratory-based tests may also be influenced by the 
complexity of the criterion task.  Numerous studies have documented that generic tests 
are not valid predictors of complex criterion task performance such as those tasks 
performed in a group, involving multiple sub-tasks, or tasks requiring a significant 
skill component (Bishop et al., 1999; Groeller et al., 2015; Kraemer et al., 1998; Pandorf et 
al., 2002; Szivak et al., 2013).  Rather, these studies have concluded that performance on 
complex criterion tasks is influenced by a unique blend of physical and physiological 
attributes, along with the skill level of the employee.  This conclusion suggests that 
assessments that replicate specific task requirements, such as simulation and task-
related tests, may be a more accurate predictor of occupational performance.  
However, this is yet to be investigated within the literature and hence formed a focus 
of the current research project. 
 
Irrespective of the type of employment test selected, the process of establishing a 
cardiorespiratory fitness standard requires the determination of a minimum 
performance standard (Phase 4; Step 16, Table 1.1).  Minimum performance standards 
are used to classify personnel as either physically capable or incapable of adequately 
performing their job tasks.  A commonly used methodological approach for 
establishing minimum performance standard involves the use of experienced 
workforce incumbents termed experiential experts (Docherty et al., 2007; Petersen et al., 
2008; Petersen et al., 2011; Rogers et al., 2014b; Siddall et al., 2014; Sothmann et al., 2004; 
Zumbo, 2016).  The experiential expert method involves an expert panel viewing the 
criterion task being performed at different work rates and selecting a work rate that 
they deem to be representative of a minimum acceptable performance standard 
(Zumbo, 2016).  Whilst numerous authors have implemented the experiential expert 
method, the specific methodological approach within each of these studies has varied.  
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Recently, Rogers et al. (2014b) investigated a standardised experiential expert method 
termed the Bookmark method.  The Bookmark method has traditionally been applied 
with educational settings to develop performance standards (Bay, 2010; Karantonis & 
Sireci, 2006; Lewis et al., 1999; Nellhaus, 2000).  For instance, the Bookmark method was 
implemented to determine exam responses that represented a minimum standard for 
the respective level of education (Cizek et al., 2004).  In contrast to these conventional 
applications of the Bookmark method, the experiential panel related to employment 
standards development are expected to perform the tasks for which they are 
establishing a standard.  Consequently, there is an opportunity for novel research to 
compare the actual work rate during acceptable performance of a criterion task, and 
that deemed as minimally acceptable using the Bookmark method. 
 
Based upon the aforementioned points, the current research investigation sought to 
explore specific methodological steps of establishing bona fide employment standards.  
The areas included the use of experiential experts for developing task simulations 
(Chapter 3), the validity of different types of employment tests (Chapter 4), and the 
Bookmark method for establishing minimum performance standards (Chapter 4).  The 
findings of these investigations make a valuable contribution to the methodological 












The implementation of bona fide physical employment standards is required for 
occupations whereby insufficient performance may endanger the safety of the 
employee, co-worker, or the public (Gumieniak et al., 2011; Jamnik et al., 2010a).  
Within such occupations, employing organisations are considered to have a due 
diligence responsibility to ensure that front line employees are capable of meeting the 
physical demands of the job (Jamnik et al. 2013).  Furthermore, legislative guidelines 
require selection tests to be valid and non-discriminatory (Gumieniak et al. 2011).  
Indeed, instances of successful legal challenge by employees have underlined the 
importance of ensuring bona fide selection tests conform to judicial requirements 
("Lanning v. Southeastern Pennsylvania Transp. Auth," 1999; Supreme Court of 
Canada, 1999).  For example, in 1999 a Canadian female firefighter was denied further 
employment after failing a cardiorespiratory-based selection test.  The employee 
successfully challenged the decision, with the court ruling that the cardiorespiratory 
standard was not related to safe and efficient job performance.  Additionally, the court 
ruled that the employer did not uphold their duty to accommodate failing employees 
(Sheppard, 2000).  Due to this failure of the organisation to appropriately accommodate 
an employee, the female firefighter was re-instated to her original employment 
category within the workforce (Sheppard, 2000).   
 
Since this court ruling, the requirements of legally defensible physical employment 
standards have been defined more precisely (Constable & Palmer, 2000; Gumieniak et 
al., 2011; Jamnik et al., 2013; Milligan et al., 2016b; Payne & Harvey, 2010; Petersen et al., 
2016; Taylor & Groeller, 2003; Tipton et al., 2013; Zumbo, 2016).  In particular, the 
literature has focused upon areas such as the obligation for employers to accommodate 
sub-populations within the workforce such as females and older workers (Jamnik et al., 
2010b; Kenny et al., 2016; Petersen et al., 2016; Reilly & Tipton, 2005; Roberts et al., 2016), 
the validation process for different types of physical employment tests (Constable & 
Palmer, 2000, Payne & Harvey, 2010), the assessment of tasks requiring load carriage 
(Bilzon et al., 2001a; Vanderburgh et al. 2000), and the setting of a minimum 
performance standard (Milligan et al., 2016b; Sothmann et al., 2004; Tipton et al., 2013; 
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Zumbo, 2016).  The relevant literature within each of these areas will be addressed in 
the following sections.  
 
2.2 ACCOMMODATION 
Employers have a duty to avoid unjust or prejudicial treatment of certain subsets of the 
workforce, for example female and older workers, as far as reasonably possible 
(Hatfield, 2005).  Although the designation of such treatment is subject to decisions by 
the court on a case-by-case basis  (Jamnik et al., 2013), discriminatory employment 
standards are generally characterised when the pass rate of a category of people is less 
than 80% of the pass rate of the majority group being tested (Equal Employment 
Opportunity Commission, 1978).  Failure to accommodate certain categories of people, 
such as those characterised by age, sex, race, disability, colour or religion, may result in 
legal ramifications for the employer (Equal Employment Opportunity Commission, 
1978; Gumieniak et al., 2011).  An example of a discriminatory employment standard 
was that established for Chicago paramedics whereby 98% of male applicants passed 
the testing protocol compared to 60% of female applicants ("Ernst v. City of Chicago," 
2014).  In this case, the court ruled that the selection test was discriminatory against 
females and the employing organisation had not implemented alternative techniques 
to provide accommodation for females ("Ernst v. City of Chicago," 2014).   
 
The most frequent technique of providing accommodation involves the application of 
extra training to physically incapable employees (Epstein et al., 2013; Jamnik et al., 
2010b; Kraemer et al., 2001; Petersen et al., 2016).  This method was implemented by 
Jamnik et al. (2010b) who demonstrated that a six-week customised training program 
improved female correctional officer performance by 23%.  The findings of Jamnik et al. 
(2010b) support earlier research by Kraemer et al. (2001) who used civilian participants 
to demonstrate that a six-month training program for women in the military was 
effective in removing sex-related performance differences with the physiological 
adaptations specific to the design of the training program.  The delivery of exercise 
training regimens has also been shown to be effective for improving performance of 
female forestation workers (Roberts, 2009), and soldiers (Knapik & Gerber, 1996).  The 
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provision of training regimens or familiarisation is not the only means by which an 
employee can be accommodated.  In some working environments, accommodation 
may be provided through the modification of equipment design (Petersen et al., 2016).  
Within military settings, alterations to the design of the pack system to appropriately 
fit the female body shape has been identified as an factor to remove gender-related 
performance discrepancies for load carriage-related tasks (Knapik et al., 2004).  
Modification of equipment design as a means of providing accommodation has 
recently been applied within the US army where body armour specifications have been 
adjusted to better fit the female body shape (Mahbub et al., 2014). 
 
The implementation of methods to accommodate employees is a requirement unless an 
employer can demonstrate that increasing the acceptance rate of the affected sub-group 
constitutes undue hardship (Adams, 2016; Gumieniak et al., 2011; Jackson, 1993; Jamnik 
et al., 2013).  Undue hardship is established if the increased acceptance a specific sub-
group jeopardises the safety of worker or the public (Jackson, 1993; Tipton et al., 2013).  
In addition to demonstrating undue hardship, an employer must also ensure that a 
discriminatory standard conforms to criteria outlined within international legislative 
guidelines (Supreme Court of Canada 1999).  Such criteria requires: (i) the standard to 
be rationally connected to the performance of the job, (ii) the employer to adopt the 
particular standard in an honest and good faith, and (iii) the standard to be reasonably 
necessary for the successful completion of the job (Gumieniak et al., 2011; Tipton et al., 
2013).  Due to the physiological differences between sexes and across age groups, 
discrimination based upon sex and age represents the most important considerations 




Historically, legislation has prevented females from entering into physically 
demanding military occupations (Epstein et al., 2013).  Prior to World War II females 
serving in the Australian Defence Force were restricted to the Australian Army 
Nursing Service.  More recently, sex-related restrictions within both the Australian 
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Defence Force and other international military organisations have been reduced 
(Carreiras, 2006).  The integration of females into historically male only professions has 
raised an important question; do inherent sex-related differences in physiological 
function prevent females from performing physically demanding tasks at an acceptable 
standard? 
 
The physical and physiological differences between sexes are well established 
(Drinkwater, 1973; Hunter & Enoka, 2001; Kent-Braun et al., 2002; Malina et al., 2004; 
Maughan et al., 1986; Miller et al., 1993; Murphy et al., 1986; Sparling, 1980; Wells & 
Plowman, 1983).  The average male is larger in both stature (8%) and body mass (26%) 
than the average female (Malina et al., 2004).  Additionally, the average male has 
approximately 50% more lean mass in their arms and 30% more lean mass in their legs 
compared to females (Miller et al., 1993).  As a result, the average female possesses 40% 
- 60% of the upper limb strength and 70% – 75% of the lower limb strength of males 
(Miller et al., 1993).  In relation to cardiorespiratory function, the average male is 
capable of greater cardiac output due to an increased myocardial mass, thicker left 
ventricular wall, and increased thoracic cavity volume (Knapik et al., 2004; Louhevaara 
et al., 1986).  Due to these physiological differences, moderately trained males possess a 
15 – 30% higher absolute ?̇?O2max  compared to similarly trained females (Vogel et al., 
1986).  When variations in body mass are accounted for, sex-related differences are 
reduced with the average male possessing a relative ?̇?O2max that is approximately 10% - 
20% greater than their female counterparts (Vogel et al., 1986).  This decrement in 
aerobic power is reflected within highly trained cohorts, such as elite athletes, where 
female performance is approximately 10% lower than male performance in 
cardiorespiratory endurance events such as cycling, swimming, and running (Ransdell 
et al., 2009).   
 
Sex-related performance discrepancies have also been observed within occupational 
cohorts (Roberts et al 2016).  Peak upper body strength reported from 11 investigations, 
showed a 30 – 35% difference in force production between males and females, whilst 
peak aerobic power reported from 12 investigations showed a 3 – 17% variation 
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between sexes (Roberts et al 2016).  However, these sex-related differences in muscular 
strength did not directly correspond to similar sex-related differences in occupational 
performance.  For example, when repetitively lifting and carrying barbed wire bales 
(36 kg) female steelworkers achieved a mean simulation test score that was 52% less 
than the test score achieved by their male peers (Pandolf et al., 1976).  In contrast, when 
the productivity of supermarket workers on physically demanding tasks was assessed, 
females achieved a mean job productivity only 7% lower than their male peers 
(Gebhardt et al., 2009).  Despite Roberts et al. (2016) classifying both the steelworker 
and supermarket worker’s tasks as requiring whole-body cardiorespiratory endurance, 
there were significant differences in relative performance of females in both tasks.  
Thus, collectively the data suggest that sex-related performance discrepancies on 
generic tests of physical fitness may not correspond to job-related performance 
differences between males and females. 
 
One task characteristic that may increase the sex-related performance gap is load 
carriage.  The addition of a fixed external load increases the metabolic cost of 
movement involving the displacement of body mass against gravity, for example 
walking and bench-stepping (Taylor et al., 2012).  Whilst the change in oxygen 
consumption is proportional to the load applied, the relative change varies depending 
upon the body mass of the individual on which the mass is applied (Taylor et al., 1980).  
The reason may be considered from a theoretical perspective; if a 60-kg person with a 
relative  V̇O2max of 50 mL·kg¯1·min¯1 was required to wear a 30 kg pack, their adjusted 
relative V̇O2max would be 33.3 mL·kg¯1.min¯1, whereas, if a 120 kg person with an 
identical relative V̇O2max of 50 mL·kg¯1.min¯1 was also required to wear a 30 kg pack, the 
total mass adjusted relative V̇O2max would be 40 mL·kg¯1.min¯1.  These values 
correspond to a 33% decline in relative V̇O2max for the lighter subject compared to a 20% 
decline for the heavier subject (Bilzon et al., 2001a).  Given these values, smaller 
individuals, such as the average female, generally work at a higher relative intensity 
when carrying a fixed load, resulting in earlier onset of fatigue and an increased 
incident rate of musculoskeletal injury (Jones et al., 1993; Saha et al., 1979; Wu & Wang, 
2002).  Based upon a review of military-related literature, the incidence rate of 
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musculoskeletal injury is approximately double for females when compared to males 
(Brudvig et al., 1983; Jones et al., 1993; Jones et al., 1992; Kowal, 1980).   
 
Whilst inherent characteristics of the female physiology may be detrimental to load 
carriage performance, alternate task characteristics may give females an advantage 
over their male counterparts.  One such characteristic relates to the ability of females to 
perform both isometric contractions and repeated muscular contractions for longer 
periods than males when executed at a matched relative intensity (Clark et al., 2003; 
Fulco et al., 1999; Hunter & Enoka, 2001; Maughan et al., 1986).  The physiology of 
females is also suited to long duration tasks due to their greater capacity to utilise fat 
stores (Hunter, 2014), and an increased ability to maintain higher relative intensities of 
physical activity compared to males (Froberg & Pedersen, 1984).  These characteristics 
of female physiology favour the performance of long duration tasks and may explain 
reduced sex-related performance discrepancies in ultra-endurance events when 
compared to shorter duration activities in male and female athletes (Speechly et al., 
1996).   
 
Regardless of the inherent sex-related physiological differences, significant overlap 
exists between sexes in anthropometrical characteristics, musculoskeletal attributes, 
and measures of cardiorespiratory fitness (Drinkwater, 1973).  This overlap can be 
attributed to positive physiological adaptations in response to physical training 
regimens (Harman et al., 2008; Knapik & Gerber, 1996).  For example, 
cardiorespiratory-based training is known to result in an increased stroke volume 
(Schairer et al., 1992) and arteriovenous oxygen difference (Bastien et al., 2005; Brooks et 
al., 1996; Quesada et al., 2000).  The effect of these physiological adaptations on 
occupational performance has been investigated by numerous authors (Harman et al., 
2008; Jamnik et al., 2010b; Kraemer et al., 2001; Roberts, 2009).  Performance 
improvements between 5% and 35% have been documented on repetitive manual 
handling tasks (Harman et al., 2008; Knapik & Gerber, 1996).  Furthermore, 
performance times on a hiking task required by firefighters improved by 
approximately 17% following a task-specific training program (Sharkey & Gaskill, 
Page 15 
2009).  Considering the findings of the aforementioned studies, the designation of male 
only occupations potentially deprives the workforce of the advantages that diversity 
offers (Friedl, 2016).  The issue of diversity within a workforce is not only relevant to 
the female worker, but also the older worker.  
 
2.4 AGE 
Since the early 1900’s, the average life expectancy of humans has almost doubled 
(Riley, 2005).  During this time, the eligibility age for retirement benefits in most 
westernised countries has also increased (Purcell, 2000), resulting in an ageing 
workforce.  Ageing is associated with a corresponding decline in physiological 
function.  In relation to cardiorespiratory fitness, longitudinal studies suggest that 
maximal oxygen consumption declines at a rate of approximately 5 – 15% per decade 
(Astrand et al., 1973; Plowman et al., 1979), with similar rates of decline observed in  
sedentary and active populations (Fitzgerald et al., 1997; Wilson & Tanaka, 2000).  The 
physiological basis for this decline is due to a variety of factors.  Firstly, age is 
associated with a reduction in maximal heart rate of approximately seven beats per 
minute with each decade (Tanaka et al., 2001).  To maintain cardiac output, an 
increased reliance upon stroke volume is observed within an older person (Legg & 
Mahanty, 1986).  However, the ability of stroke volume to compensate for a decreased 
maximal heart rate is inhibited by age-related cardiac remodelling which reduces 
cardiac contractility and in turn decreases the ejection fraction by approximately 20% 
(Hawkins & Wiswell, 2003).  The age-related decline in cardiac function is 
compounded by a corresponding decline in muscle mass.  Sarcopenia, defined as the 
loss of skeletal muscle mass with age, is believed to begin from 30 years of age 
(Cavagna & Kaneko, 1977).  By age 65, there is a 30% reduction in the cross sectional 
area of skeletal muscle in an untrained adult (Kohl, 2001).  Sarcopenia, as well as age-
related changes to neural innervation, result in decrements in muscular strength from 
50 years of age with the rate of decline believed to 12 – 15% per decade (Metter et al., 
1999; Miller et al., 2013). 
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Despite the known age-related physiological decline, the impact of this decline on 
occupational performance is uncertain (Crawford et al., 2010).  Lifestyle factors such as 
smoking, inactivity, poor diet and substance abuse are known to exacerbate the 
biological effect of ageing (Bellew et al., 2005; Kohl, 2001).  As a result, older 
populations are considered heterogeneous in relation to their functional capacity i.e. 
chronological age is considered a poor indicator of biological age (Lemmer et al., 2000; 
Roth et al., 2001).  This point was highlighted by Wilson and Tanaka (2000) who 
demonstrated that a well-conditioned 70 year old may possess ?̇? O2max values 
comparable to that of a sedentary 20 year old.  In addition to preserving 
cardiorespiratory fitness, Kavanagh and Shephard (1990) demonstrated that the 
adoption of a physically active lifestyle can avoid deterioration of lean body mass well 
into the seventh decade of life.  Whilst compulsory chronologically-based retirement 
ages have been advocated for physically demanding occupations (Walker et al., 2014), 
the heterogeneity in physical function amongst older populations suggests that such an 
approach may lead to the discrimination against older workers with healthy lifestyles 
and the requisite physical capacity (Kenny et al., 2016; Reilly & Tipton, 2005; Sluiter & 
Frings-Dresen, 2007). 
 
In addition to the adoption of healthy lifestyles, older workers may also be 
preferentially advantaged due to greater skill levels and hence improved efficiency of 
completing an occupational task (Milligan et al., 2016a).  This is an important 
consideration, as inter-individual variations in movement skill are known to account 
for considerable variations in the metabolic cost of an occupational task (Milligan et al., 
2016a; Shephard, 1991; Sparrow & Newell, 1998).  For example, Milligan et al. (2016a) 
compared the aerobic metabolic demand of both experienced and inexperienced 
participants for a task performed by UK Coastguard Rescue Officers.  The task 
involved pulling a rescue sled through mud for 150 m at a set walking speed.  The 
mean metabolic demand measured in the experienced cohort (32.85 mL·kg-1·min-1) was 
24% lower than that measured in the inexperienced cohort (42.90 mL·kg-1·min-1).  
Whilst these differences in efficiency may not apply to all tasks or occupations 
(Louhevaara, 1999), it is reasonable to assume that skill-based tasks with increased 
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complexity are influenced more than those requiring generic, repetitive movements.  
Therefore, the selection of a test that is sensitive to the skill of the worker, such as a 
simulation test, is considered more appropriate to avoid age-related discrimination 
compared to generic tests of physical fitness (Davis & Dotson, 1987; Hogan & Quigley, 
1986; Jamnik et al., 2013; Payne & Harvey, 2010).  Whilst simulation tests have been 
recommended for skill-based tasks, no research has compared the validity of different 
types of tests for both skill-based and generic tasks.  Therefore, this forms a focus of the 
present thesis.   
 
2.5 TYPES OF PHYSICAL EMPLOYMENT TESTS 
Physical employment tests are designed to identify if employees possess the physical 
capacities required to safely and effectively complete essential occupational tasks.  This 
is imperative in occupations within the military, public safety and emergency services, 
where inadequate job performance can jeopardise the safety of the worker, co-workers, 
or the public (Jamnik et al., 2013).  To ensure the development of non-discriminatory, 
legally defensible physical employment standards, extensive research has focused 
upon the methodological approach of test validation (Gumieniak et al., 2011; Jamnik et 
al., 2013; Jamnik et al., 2010a; Payne & Harvey, 2010; Taylor & Groeller, 2003; Tipton et 
al., 2013).  Within the literature, three discrete types of validity are outlined; content, 
criterion, and construct (Equal Employment Opportunity Commission, 1978), all of 
which are described in Table 2.1. 
 
Content validity relates to the ability of the test to incorporate all the essential physical 
and physiological characteristics of the criterion task (Payne & Harvey, 2010).  To 
establish the content validity of a test, experienced workforce incumbents termed 
experiential experts provide feedback regarding the likeness to an actual on-the-job 
scenario (Fullagar et al., 2015; Jamnik et al., 2010a; Siddall et al., 2014).  Psychophysical 
scales such as a Likert or Visual Analogue Scale are often utilised to collect experiential 
expert feedback.  For example, Jamnik et al. (2010a) used a Likert scale and posed three 
different questions to 108 correctional officers who had each performed the proposed 
employment test.  Accuracy, likeness, and appropriateness of the test in relation to the
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Table 2.1: The types of validity associated with different physical employment tests. 
 







High  Moderate Low 
The physical employment test 
incorporates all the essential physical 
and physiological characteristics of the 
criterion task. 
Experienced incumbents rate the 
likeness of the test to the criterion task. 
Criterion 
Validity 
High Unknown Unknown 
Physical employment test performance 
is closely related to criterion task 
performance. 
Test performance is correlated with an 
established criterion reference. 
Construct 
Validity 
High High High 
The physical employment test 
measures a physiological attribute that 
is critical to task completion. 
Selection test performance is correlated 
with a valid measurement of a 
physiological attribute. 
Reliability Unknown Unknown High 
The test produces the similar results 
when performed on separate occasions. 
Test-retest data is assessed using 
intraclass correlation coefficients, 
coefficients of variation or Bland-
Altman plots. 
Note: The types of validity associated with each type of test are generalisations, for example, if the criterion task required prolonged unloaded running then a 
generic 12-min run may possess content validity 
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 job scenario were assessed (Jamnik et al., 2010a).  Although content valid tests are 
considered the most legally robust type of test (Jamnik et al., 2013), in many 
circumstances the implementation of a content valid test may not be feasible and 
therefore alternative validation methods are applied.   
 
Criterion validity relates to the association between test performance and criterion task 
performance (Payne & Harvey, 2010).  Therefore, criterion-related tests are not direct 
measures of task performance but rather rely on a secondary relationship between the 
criterion task and a predictor test.  The coefficient of determination (r2) assesses the 
strength of relationship between the test performance measure and criterion task 
performance (Blacker et al., 2015; Petersen et al., 2016; Rayson et al., 2000; Richmond et 
al., 2008).  Within the literature, the classification of an acceptable and unacceptable 
coefficient of determination is yet to be outlined.  In a recent review paper, Milligan et 
al. (2016b) advocated the interpretation of Taylor (1990) who suggested that r2 > 0.12 be 
considered a moderate relationship and r2 > 0.46 be considered a strong relationship.  
In contrast, Lord et al. (2012) utilised the interpretation of Hopkins (2002) who 
considered r2 > 0.16 as a moderate relationship and r2 > 0.36 as a strong relationship.  
Despite these recommendations, an evaluation of the literature shows that previous 
authors have rejected predictive tests possessing coefficients of determination of 0.36 
(Carstairs et al., 2016), and 0.27 (Groeller et al., 2015).  Therefore, further research is 
needed to establish an acceptable coefficient of determination for predictive tests.  
 
Construct validity relates to the test assessing a physiological attribute that is critical to 
criterion task completion (Constable & Palmer, 2000; Payne & Harvey, 2010).  
Construct validity is established using the relationship between a test performance 
measure and a calibration or gold standard measure of a physiological attribute.  In 
relation to cardiorespiratory fitness, the calibration standard measure commonly 
utilised is aerobic power.  Aerobic power, commonly referred to as V̇O2max, is a 
measure of the maximum amount of oxygen that a person is capable of consuming per 
minute and is commonly assessed via indirect calorimetry whilst performing an 
incremental exercise protocol on a treadmill (Åstrand et al., 1986).  Aerobic power may 
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also be estimated from assessments such as the multi-stage shuttle run (Ramsbottom et 
al., 1988), 12-min run test (Cooper, 1968), and 12-min cycle ergometer test 
(Vanderburgh, 1995) which are known to possess a close relationship (r2 = 0.80 – 0.94) 
with V̇O2max and hence strong construct validity.   
 
2.5.1 SIMULATION TESTS 
Simulation tests are based upon the requirements of a criterion job task (Payne & 
Harvey, 2010).  For this reason, simulation tests challenge each of the key physical 
requirements of the task which may include; muscular strength, muscular endurance, 
range of motion, coordination and balance (Jamnik et al., 2013).  The characteristics of 
simulation tests allow for a clear resemblance between criterion task and test; an 
important feature for defensibility against legal challenge and acceptance of the test by 
employees (Jamnik et al., 2013; Payne & Harvey, 2010; Tipton et al., 2013).  Simulation 
tests are also considered to have increased defensibility because they are sensitive to 
the skill level of the worker (Davis & Dotson, 1987; Jamnik et al., 2013).  Therefore, the 
motor skills developed with years of occupational experience may offset any age-
related physiological decline (Davis & Dotson, 1987; Milligan et al., 2016a).  The 
characteristics of simulation tests have led to their inclusion within testing protocols of 
numerous physically demanding occupations such as correctional officers, beach 
lifeguards, and firefighters (Gledhill & Jamnik, 1992b; Groeller et al., 2015; Jamnik et al., 
2010a; Reilly et al., 2006a; Richmond et al., 2008).   
 
Whilst the characteristics of simulation tests may have some distinct advantages over 
other predictive tests, in some circumstances, the utility of simulation tests is limited.  
For instance, the cardiorespiratory system is often stressed when multiple discrete 
tasks are required in quick succession.  Therefore, the administration of a single task 
simulation test may not adequately assess the cardiorespiratory requirements of the job 
(Jamnik et al., 2013).  Additionally, in relation to prolonged duration tasks, the 
development and implementation of a simulation test may not be feasible.  
Consequently, cardiorespiratory fitness is commonly assessed using a circuit-based test 
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consisting of multiple task-relevant tests (Fullagar et al., 2015) or via a separate generic 
cardiorespiratory-based test (Bilzon et al., 2002; Gledhill & Jamnik, 1992b; Rayson et al., 
2000; Stevenson et al., 1988). 
 
Another issue which is pertinent to simulation tests is test reliability (Payne & Harvey, 
2010).  To be considered valid, an employment test must yield similar results when 
conducted over successive trials as variability in test-retest results increases the 
likelihood of misclassifying the capability of employees (Milligan et al., 2016b; 
Shephard, 1991).  However, in comparison to gym-based tests, simulation tests often 
possess poor reliability (Boyd et al., 2014; Richmond et al., 2008; Spiering et al., 2012).  
Spiering et al. (2012) examined the reliability of seven soldier readiness tests consisting 
of four predictive fitness tests (running long jump test, one-repetition maximum box 
lift test, repetitive lift and carry test and a 3.2 km timed load carriage test with a 33-kg 
vest) and three simulation tests (grenade throw simulation, victim rescue simulation, 
and a combat rush simulation).  The results showed appropriate reliability for each of 
the predictive tests, however of the three simulation tests examined, only the combat 
rush was considered to possess strong reliability.  The issue of reliability associated 
with simulation tests was also highlighted during the development of an operational 
fitness test for the British Air Force by (Richmond et al. 2008).  In this study, Richmond 
et al. (2008) established that the simulation test of a digging task possessed poor 
reliability (ICC = 0.85) when compared to other tasks such as a fire and manoeuvre 
(ICC = 0.96) and repetitive lift and carry task (ICC = 0.96).  The limitations associated 
with the reliability of simulations tests, along with the inability to appropriately assess 
cardiorespiratory fitness, highlight the importance of predictive tests for assessing 
performance on cardiorespiratory-based tasks.   
 
2.5.2 TASK-RELATED PREDICTIVE TESTS 
The development of task-related predictive tests aims to replicate particular 
characteristics of the criterion task such as the loads carried, muscle groups involved, 
clothing requirements, and environmental conditions (Payne & Harvey, 2010).  Task-
related predictive tests provide a compromise between a simulation test which may be 
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difficult to implement, and a generic test which assesses one physiological attribute 
(Payne & Harvey, 2010).  An example of a task-related predictive was that developed 
for Australian urban firefighters who are required to remove victims following vehicle 
accidents (Groeller et al., 2015).  The task required the operation of hydraulic sheers (13 
kg) to cut away vehicle doors and rooftops.  Groeller et al. (2015) identified that 
operational constraints prevented access to an actual hydraulic sheer for testing 
purposes and hence a replica was manufactured.  The replica was based upon the 
dimensions, mass, and mass distribution of the actual sheers.  To perform the test, 
firefighters were required to hold the replica tool at varying heights for durations that 
represented the requirements of the criterion task.  The test design ensured an accurate 
replication of the muscle groups, muscle lengths, and contraction type (isometric), used 
during the criterion task. 
 
Within employment standards, the validation of task-related predictive tests is often 
not appropriately established.  For instance, the pack hike test, which is designed for 
North American firefighters, was not correctly validated because the physical 
requirements of successful job task completion were not linked with pack hike test 
performance (Sharkey, 1995).  Therefore the construct validity was not established 
(Petersen et al., 2010). Additionally, despite recommendations within methodological-
related literature (Payne & Harvey, 2010; Petersen et al., 2016; Tipton et al., 2013), 
validation studies often fail to establish test sensitivity and specificity (Bilzon et al., 
2002; Fullagar et al., 2015; Jamnik et al., 2010a; Sharkey, 1999).  Instead, test validation is 
reliant upon the coefficient of determination (Blacker et al., 2015; Richmond et al., 2008).  




2.5.3 GENERIC PREDICTIVE TESTS 
Generic predictive tests assess an underlying physical or physiological attribute that is 
critical to both test and task completion.  Generic predictive tests are common within 
testing protocols because they are low cost, easy to administer, and practical when 
testing large groups of employees (Payne and Harvey 2010).  The advantages 
associated with generic predictive tests has led to their inclusion as an assessment for 
metropolitan firefighters (Gledhill & Jamnik, 1992b), navy shipboard firefighters 
(Bilzon et al., 2002), and correctional officers (Jamnik et al., 2010a).   
 
Generic cardiorespiratory-based tests may be classified as those that involve running 
without a load, running under loaded conditions, or non-weight bearing ergometer-
based assessments (Leger & Lambert, 1982; Ramsbottom et al., 1988, Vanderburgh et al. 
2000).  Examples of these types of generic tests include the multi-stage shuttle run test 
(unloaded running), and the 12-min cycle ergometer test (non-weight bearing).  These 
generic tests of cardiorespiratory fitness are well-established as accurate predictors (r2 = 
0.80 – 0.94) of aerobic power and therefore possess strong construct validity (Cooper, 
1968; Leger & Lambert, 1982; Ramsbottom et al., 1988; Vanderburgh, 1993).  However, 
for a test to be considered valid, methodological guidelines suggest that construct 
validity should not be relied upon (Payne & Harvey, 2010).  Consequently, to satisfy 
the test validation requirements, a substantial number of criterion validation studies 
have focused upon the ability of generic fitness tests to predict occupational 
performance (Bilzon et al., 2001a; Jackson et al., 1984; Michaelides et al., 2008; Pandorf et 
al., 2002; Rayson et al., 2000; Rice & Sharp, 1994b; Richmond et al., 2008).  Importantly, 
within each of these studies, the validation of generic cardiorespiratory-based tests has 
focused upon assessments involving running without an external load, with the 
validity of alternative types of generic cardiorespiratory-based tests yet to be focused 
upon.  Consequently, despite recommendations to include assessments involving 
loaded running and ergometer-based exercise within testing protocols (Vanderburgh, 
1995; Vanderburgh & Flanagan, 2000), the ability of these types of cardiorespiratory-
based tests to accurately identify physically capable and incapable employees is 
unknown.  This issue is particularly relevant to occupational tasks involving the 
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movement of external load where the validity of unloaded-running based tests have 
been questioned  (Bilzon et al., 2001a; Taylor et al., 2016).   
 
2.6 LOAD CARRIAGE 
The carriage of an external load is a common requirement within physically 
demanding occupations such as the military and emergency services (Knapik et al., 
2004; Louhevaara et al., 1986; Rodríguez-Marroyo et al., 2012).  From a military 
perspective, the external loads carried by soldiers have increased considerably 
throughout the 20th and into the 21st century (Knapik et al., 2004; Orr, 2010).  In recent 
military conflicts, soldiers within the Australian Army carried an average external load 
of 48 kg, with 70 kg being carried under extreme circumstances (Orr, 2010).  With the 
average mass of an enlisted soldier in the Australian Army being 83.3 kg, an external 
load of 70 kg represents 84% of the average body mass (Coleman & Blanchonette, 2011) 
thereby resulting in a significant increase the physiological demands of weight-bearing 
tasks (Drain et al., 2016).  Since military operations often involve prolonged duration 
tasks in high threat environments, the ability to perform under these loaded conditions 
is of paramount importance (Orr, 2010). 
 
It has been well-established that the simple addition of an external load increases the 
metabolic cost of both standing and locomotion (Evan's et al., 1983; Goldman & 
Iampietro, 1962; Pandolf et al., 1976).  The physiological impact of load carriage is 
dependent upon both the mass of the load (Bastien et al., 2005; Quesada et al., 2000; 
Soule et al., 1978), the body mass to which it is applied (Taylor et al., 1980) as well as the 
location of the body to which the load is applied (Datta & Ramanathan, 1971; Goldman 
& Iampietro, 1962; Taylor et al., 2012).  During both walking and running, loads placed 
distally on the body have a considerably greater effect on whole-body metabolic rate 
than a load placed close to the centre of mass (Legg & Mahanty, 1986; Myers & Steudel, 
1985).  For example, the placement of a 1 kg mass on the feet influences the 
physiological cost of walking of a similar magnitude as 8.7 kg positioned on the torso 
(Taylor et al., 2012).  To understand these site-specific differences in the metabolic cost, 
the biomechanical movement patterns of walking and running must be considered.  
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During these movements, translational motion of the entire body occurs with 
additional rotational movement of the arms and legs (Cavagna & Kaneko, 1977).  To 
initiate each step, the rotational force exerted by the limb must overcome the inertial 
load of that limb, which increases considerably under loaded conditions (Cotes & 
Meade, 1960; Myers & Steudel, 1985; Taylor et al., 2012).  The additional energy 
required to perform these rotational movements explain the inefficiency associated 
with the addition of loads to the limbs. 
 
From an employment standards viewpoint, consideration must be given to the 
physiological impact of load carriage because tasks involving the movement of 
external loads often represent the most physically demanding occupational tasks 
(Bilzon et al., 2001b; Gledhill & Jamnik, 1992a; Rodríguez-Marroyo et al., 2012; Taylor et 
al., 2015b).  This point was highlighted by Bilzon et al. (2001b) who established that a 
task involving the repetitive lift and carriage of liquid filled drums (30 kg) elicited the 
highest metabolic demand of any task required by UK shipboard firefighters (3.12 
L·min-1).  Additionally, Taylor et al. (2015b) demonstrated that a stair climb requiring 
the dragging of a charged hose provoked the highest oxygen consumption (2.20 L·min-
1) of any task required by Australian urban firefighters.  In each of these examples, the 
mass of the external load was fixed and therefore independent of age, sex, or body size.  
The metabolic impact of a fixed external load is known to influence smaller individuals 
to a greater extent than larger individuals (Taylor et al., 1980).  This characteristic of 
external load carriage has significant implications on the validity of assessments of 
load carriage-related tasks (Bilzon et al., 2001a; Taylor et al., 2016; Vanderburgh & 
Flanagan, 2000).  This point was highlighted by Bilzon et al. (2001a) who demonstrated 
that unloaded running tests induce a systematic bias against heavier personnel when 
used to predict performance under loaded conditions.  As a result of this body mass 
bias, alternative assessments such as those requiring running under loaded conditions 
(Vanderburgh & Flanagan, 2000) and non-weight bearing ergometer exercise 
(Vanderburgh, 1995) may provide a more valid selection test, however this is yet to be 
explored.  Chapter 4 of the current research project aimed to address this issue by 
comparing the validity of different cardiorespiratory-based tests in relation to a 
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criterion task involving the movement of external loads.  In addition to a load-carriage 
related task, Chapter 4 also investigated the validity of different predictive tests for an 
occupational task that possessed complex task characteristics.  
 
2.7 CHARACTERISTICS OF CRITERION TASKS 
The characteristics of criterion tasks vary significantly from individually-based 
repetitive tasks, to highly specific skill-based activities performed in a group.  To 
demonstrate this point, consider two critical tasks of Australian urban firefighters; (1) 
the prolonged use of a 38-mm hose, and (2) a residential fire attack (Taylor et al., 
2015a).  These two tasks represent the extremes of a continuum from a simple criterion 
task (hose task) to a complex criterion task (fire attack task).  The simulation that was 
developed by incumbent Australian urban firefighters for the hose task involved 
directing water at large target for 15 minutes.  At the completion of each minute, the 
firefighter moved 5 m before resuming operation of the hose.  The simulation for the 
residential fire attack task required two firefighters to enter a room whilst dragging a 
charged hose.  The firefighters were required to simulate the containment of a house 
fire including extinguishing spot fires and performing gas and wall cooling.  
Throughout the simulation a crouched posture was adopted to replicate a realistic 
scenario. 
 
Numerous characteristics of these tasks classify them as a simple (hose task) and 
complex (fire attack) criterion task (Table 2.2).  Firstly, the hose task involved 
repeatedly performing one sub-task.  In contrast, the fire attack scenario was a 
multifaceted task that included a variety of sub-tasks i.e. wall cooling, gas cooling, and 
fire extinguishing.  Secondly, the hose task was performed individually meaning there 
were no interactions between workers, whereas the fire attack task was completed in a 
team of two.  Lastly, due to the skill-based requirements of the fire attack task, it would 
be reasonable to assume that a highly skilled worker would likely perform the fire 
attack task more efficiently. 
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Table 2.2: The characteristics of a simple and complex criterion task 
 Simple task Complex task 
Example Prolonged operation 
of a 38-mm hose 
Residential fire attack 
Requirements Hold a static 
crouched position 
whilst operating a 
38-mm hose.   
Enter a hot, humid, smoky building with 
another firefighter.  Maintain a crouched 
position whilst operating or carrying a 38-
mm hose.  Extinguish all fires including 
spot fires whilst maintaining gas cooling 
and wall cooling.    
Sub-tasks No Yes 
Group-based No Yes 
Repetitive Yes No 
Skill required Minimal Extensive 
 
 
A review of the literature (Table 2.3) identified that complex occupational tasks are 
rarely included within criterion task lists.  Indeed,  specific exclusion criteria have been 
implemented by some authors to prevent the selection of complex criterion tasks 
(Marcinik et al., 1995; Taylor et al., 2015b).  For instance, Marcinik et al. (1995) 
exclusively selected tasks where the majority of work was performed by an individual.  
A similar approach was adopted by Taylor et al. (2015a) whereby group-based tasks 
involving considerable interactions between workers were removed from the criterion 
task list.  In addition to the removal of group-based tasks, exclusion criteria has also 
been applied to occupational tasks that require multiple sub-tasks to be performed 
(Blacker et al., 2015; Marcinik et al., 1995).  For example, following consultation with 
experienced workforce incumbents, Blacker et al. (2015) concluded that the task of 
responding to a road traffic accident was too difficult to simulate despite it being a 
critical task required by UK Fire and Rescue personnel.  The task involved deploying 












Australian urban firefighters (Taylor et al., 2015b) 7 0 2 
Canadian Armed Forces (Stevenson et al., 1988) 5 0 0 
Canadian correctional officers (Jamnik et al., 2010a) 5 0 0 
Canadian urban firefighters (Gledhill & Jamnik, 1992b) 7 0 0 
UK beach lifeguards (Reilly et al., 2006a) 3 0 0 
UK Fire and Rescue (Blacker et al., 2015) 7 2 2 
UK Fire and Rescue (Siddall et al., 2014) 
 
8 2 2 
UK Navy shipboard firefighters (Bilzon et al., 2002) 5 0 0 
US Navy divers (Marcinik et al., 1995) 5 0 0 
Note: group-based tasks were characterised as tasks performed by more than 2 personnel.  
Multifaceted tasks were characterised as tasks involving two or more sub-tasks 
 
 
Across the employment standards related literature, Siddall et al. (2014) and Blacker et 
al. (2015) were the only studies identified that incorporated highly complex tasks 
during the development of an employment standard (Table 2.3).  Siddall et al. (2014) 
quantified the physiological demands of five occupationally relevant tasks which 
included a hose-run, equipment carry, stair climb, casualty evacuation, and wildland 
fire task.  Of the five tasks selected, the casualty evacuation and wildland fire task 
possessed complex task characteristics.  The operational scenario of a casualty 
evacuation involved a group of four personnel carrying items, operating charged 
hoses, using a sledgehammer to gain entry to a secure property, and performing a 
victim drag.  The operational scenario of a wildland fire task involved multiple 
firefighters operating a fire beater to gain control of a wildland fire.  In consultation 
with experiential experts, Siddall et al. (2014) developed simulations of each 
occupational scenario that could be performed by an individual.  Using feedback from 
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experiential experts, it was concluded that four of the five simulations appropriately 
replicated the operational scenario with the wildland fire task simulation determined 
to be an inaccurate replication of the actual criterion task.  
 
Whilst the importance of developing employment standards based upon the most 
critical physically demanding tasks has been well-established (Gumieniak et al., 2011; 
Jamnik et al., 2013; Tipton et al., 2013), there are numerous challenges with the adoption 
of criterion tasks that have complex physical demands or movement characteristics.  
The reliability of simulation tests for complex tasks (Boyd et al., 2014; Richmond et al., 
2008; Spiering et al., 2012), the influence of skill on the physiological demands of the 
task (Davis & Dotson, 1987; Milligan et al., 2016a), and the effect of worker to worker 
interactions on task performance (Taylor et al., 2015a) may be variables that provide a 
valid reason for the exclusion of the task from criterion task selection.  However, there 
are limited investigations that have attempted to validate an employment standard for 
a complex criterion task.  Therefore, the current thesis aimed to examine the 
development and validation of an employment standard for a highly complex criterion 
task. 
 
2.8 THE SETTING OF A PHYSICAL STANDARD 
Assessments of physical performance are implemented to identify both physically 
capable and incapable employees.  The accurate interpretation of a workers’ 
capabilities is critical to uphold the legal defensibility of a test (Equal Employment 
Opportunity Commission, 1978; Jamnik et al., 2013), minimise work-related injuries 
(Wynn & Hawdon, 2012), and maximise the effectiveness of the workforce (Taylor & 
Groeller, 2003).  To enable the classification of employees based upon their physical 
capacity, a minimum acceptable performance standard must be established.  Minimum 
acceptable performance standards are defined as the minimally adequate level of 
performance for some purpose (Kane, 1994).  In public safety-related occupations, 
minimum acceptable criterion standards are generally related to safe and efficient 
completion of the job that does not endanger the worker, co-worker, or public (Jamnik 
et al., 2010a; Rogers et al., 2014b; Sheppard, 2000).  Within conventional employment 
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standards literature, minimum acceptable standards have been utilised to make 
pass/fail decisions (Bilzon et al., 2002; Sothmann et al., 2004; Stevenson et al., 1988).  
However, recent communications have advocated the use of an additional borderline 
category (Milligan et al., 2016b; Tipton et al., 2013; Zumbo, 2016).  The inclusion of a 
borderline category accounts for the inherent error associated with any performance 
prediction (Milligan et al., 2016b).  Furthermore, a borderline category enables 
organisations to select an inclusive or exclusive cut-score depending on their interests 
which may include optimising operational effectiveness, managing costs, and 
providing equal opportunities for employees (Tipton et al., 2013).  The approaches used 
to validate a minimum acceptable standard can be categorised into three discrete 
methods; a statistical validation method, a physiological validation method, and an 
experiential expert judgement validation method.  
 
Statistically validated standards have been developed for firefighters (Deakin et al., 
1998; Gledhill & Jamnik, 1992b), correctional officers (Jamnik et al., 2010a), and within 
the military (Bilzon et al., 2002).  The statistical validation method is based upon the 
distribution of test results (Zumbo, 2016).  For example, Jamnik et al. (2010a) measured 
the forces used by female correctional officers during a wrist restraint, arm restraint, 
and body control task.  The minimum acceptable criterion standards were determined 
by calculating the mean force exerted less one standard deviation.  In this instance, the 
minimum force requirements were established as 26 kg, 28.5 kg, and 38.6 kg for the 
wrist restraint, arm retraction and body control forces respectively.  The statistical 
validation method (mean less one SD), as implemented by Jamnik et al. (2010a) implies 
that the 16.7% of correctional officers were performing the task at an unacceptable 
standard.  However, this assumption is problematic as it fails to consider the actual 
performance scores.  Therefore, it is unknown what proportion of the cohort is indeed 
performing the task at an unacceptable standard (Zumbo, 2016).  To explore the 
potential discriminatory effects of a statistically validated standard consider the study 
conducted by Beck et al. (2015) whereby the validity of a jerry can carry to predict 
stretcher carry performance was examined.  Using a criterion-related minimum 
performance standard, Beck et al. (2015) identified one person from a cohort of 111 
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soldiers (including 20 females) that was performing the task at an unacceptable rate.  
However, had the statistical validation method (mean less one standard deviation) 
been applied, approximately 18 to 19 people would have failed the test providing the 
results were normally distributed.  This example highlights the weaknesses associated 
with statistically validated employment standards. 
 
An alternative method of establishing minimum performance standards involves the 
use of physiological measures.  Numerous authors have applied a physiological 
validation for the development of a minimum performance standard (Bilzon et al., 
2002; Gledhill & Jamnik, 1992b; Groeller et al., 2015). However, the specific 
methodology utilised is variable (Bilzon et al., 2002; Gledhill & Jamnik, 1992b; Groeller 
et al., 2015).  In relation to Australian urban firefighters, the physiological validation 
method was applied using a two-phased approach.  The first phase aimed to quantify 
the physiological demands of firefighters performing the criterion tasks at an 
acceptable standard (Taylor et al., 2015b).  The second phase involved lab-based testing 
to determine the relationship between oxygen consumption (L·min-1) and work rate 
(Groeller et al., 2015) which was then used to determine the work rate of each test item 
required to elicit a similar physiological response to that quantified during the actual 
task.   
 
A different physiological validation method has been adopted within hybrid testing 
protocols whereby cardiorespiratory fitness is assessed by a distinct assessment (Bilzon 
et al., 2002; Gledhill & Jamnik, 1992b; Jamnik et al., 2010a).  For instance, Gledhill and 
Jamnik (1992) measured the physiological demands of tasks required of metropolitan 
firefighters.  The mean oxygen consumption of the most physically demanding task 
was measured as 41.5 mL·kg-1·min-1.  Due to the capacity of the breathing apparatus 
worn during such tasks, the maximum task duration was determined as 10 minutes.  
Using previous findings by Astrand and Rodahl (1986), the maximum relative intensity 
of a 10-min task was determined to be 85% of peak oxygen consumption.  Therefore, 
the final minimum cardiorespiratory standard was established as a peak oxygen 
consumption of 47.4 mL·kg-1·min-1. 
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The physiological validation method applied by Gledhill and Jamnik (1992) and indeed 
other authors (Bilzon et al., 2002; Jamnik et al., 2010a; Siddall et al., 2014), relies upon the 
critical power concept. The critical power model is based upon the hyperbolic 
relationship between relative intensity and maximal acceptable work duration (Hill, 
1993; Moritani et al., 1981).  This methodological approach requires both the task 
duration and the mean oxygen consumption during the task to be quantified (Bilzon et 
al., 2002; Gledhill & Jamnik, 1992b; Jamnik et al., 2010a). Whilst extensive literature has 
aimed to establish the maximum acceptable work duration for given relative 
workloads (Åstrand et al., 1986; Bink, 1962; Drain et al., 2016; Saha et al., 1979; Wu & 
Wang, 2001, 2002), the utility of using the critical power concept to predict the time to 
task failure has been questioned (Tipton et al., 2013).  To explore the validity of this 
approach, the effect of specific task characteristics on the physiological strain of the 
task need to be considered.  Such characteristics include the environmental conditions, 
load carriage, the amount of muscle mass utilised, and if the task involves a static 
exercise component (Drain et al., 2016; Notley et al., 2014; Shephard, 1991).  The effect of 
task characteristics on the ability to maintain relative workloads has also been 
demonstrated in the unique and physical demanding environment of a coal mine 
(Shephard, 1974).  At the coal-face, employees are required to adopt awkward 
postures, are exposed to high ambient temperatures, and perform work duties that 
require a significant contribution from the upper limb muscles (Shephard, 1974, 1991).  
In these conditions, the coal miners are known to have increased difficulty sustaining 
relative workloads above 30% V̇O2max (Shephard, 1991).  In contrast within the 
controlled environment of a laboratory, lower limb exercise at 30% ?̇?O2max can be 
maintained for over 8 hours (Wu & Wang, 2002).   
 
In addition to environmental conditions, the effect of the type of exercise performed on 
the ability to maintain relative workloads has been established (Sharp et al., 1988).  
Sharp et al. (1988) compared ?̇? O2max obtained using incremental protocols on a 
treadmill, bike, arm ergometer, and a repetitive lift and carry test.  It was concluded 
that the V̇O2max attainable during both an incremental arm crank and repetitive lifting 
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test are significantly lower than the V̇O2max achieved on a treadmill.  Therefore, the 
V̇O2max obtained from treadmill exercise was unable to accurately describe the relative 
intensity of the lifting task (Constable & Palmer, 2000; Nindl et al., 1997; Sharp et al., 
1988).  The limitations associated with the critical power concept for establishing 
minimum cardiorespiratory-based standards has led to the application of alternative 
methods for the development of minimum acceptable performance standards (Blacker 
et al., 2015; Richmond et al., 2008; Rogers et al., 2014a; Siddall et al., 2014; Sothmann et 
al., 2004).  
 
One alternative method of establishing minimum criterion performance standards 
involves workforce incumbents selecting a minimum performance standard based 
upon their own experience of the task.  Such an approach has been applied extensively 
throughout the literature (Blacker et al., 2015; Richmond et al., 2008; Rogers et al., 2014b; 
Sothmann et al., 2004; Zumbo, 2016).  For instance, Blacker et al. (2015) developed 
minimum acceptable criterion standards for UK Fire and Rescue personnel by 
conducting a range of focus group meetings with experiential experts.  During the 
focus groups the expert panel members performed the task simulations and discussed 
worst case scenarios before devising a minimum acceptable criterion standard.  
Experiential experts were also utilised by Sothmann et al. (2004) when an expert panel 
viewed six videos of a task simulation at different work rates.  The panel were 
subsequently asked to select a minimally acceptable work rate based upon their 
personal experience of performing the task. 
 
Contemporary research by Rogers et al. (2014) investigated a standardised approach 
termed the Bookmark method for the utilisation of experiential experts during the 
development of a minimum performance standard (Rogers et al., 2014b).  The 
Bookmark method is an item-mapping approach that has traditionally been applied 
within educational settings to establish performance related standards (Bay, 2010; 
Karantonis & Sireci, 2006; Lewis et al., 1999; Nellhaus, 2000).  For instance, the 
Bookmark method has been used to determine exam responses that represent a 
minimum standard for the respective level of education (Cizek et al., 2004).  Within the 
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context of physical employment standards, the Bookmark method involves the 
presentation of a number of videoed work samples to a panel of experiential experts 
with each work sample representing a different work rate.  During a focus group 
session, the expert panel are presented the work samples over multiple rounds.  
Between each round the panel members discuss their personal experiences of the task 
and discuss appropriate performance standards.  Whilst Rogers et al. (2014) concluded 
that the Bookmark method was a valid approach to establishing minimum 
performance standards, numerous methodological considerations are yet to be 
investigated.  For instance, it is unknown whether the minimum performance 
standards developed using the Bookmark method are similar to actual work rates 
during a criterion task.  Additionally, it is unknown if the order of the videos presented 
to the expert panel influences their perception of a minimally acceptable work rate.  
The present research project aimed to examine these issues to help delineate a 
standardised methodology for the Bookmark method of establishing a minimum 
acceptable criterion performance standard. 
 
2.9 EXPERIENTIAL EXPERTS  
Within conventional employment standards literature the term subject matter expert 
has been used interchangeably to describe both experienced incumbents (Blacklock et 
al., 2015; Rogers et al., 2014b) and accomplished researchers within the occupational 
testing discipline (Blacker et al., 2015; Zumbo, 2016).  However, to fully articulate the 
type of expertise involved in developing an employment standard, the term 
experiential expert has been recommended to describe experienced incumbents, with 
the term subject matter expert specifically related to personnel experienced in 
developing employment standards (Zumbo, 2016). 
 
Consultation with experiential experts is an important aspect of performing numerous 
phases within the methodological framework of establishing a bona fide employment 
standard (Jamnik et al., 2010c; Phillips et al., 2012; Taylor et al., 2015a; Taylor & Groeller, 
2003).  During the task analysis period operationally significant duties within a job 
trade are identified through consultation with key stakeholders such as the employees 
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that perform the task and senior supervisory personnel (Taylor & Groeller, 2003).  For 
instance, Taylor et al. (2015a) performed 11 focus group meetings with 106 experiential 
experts to construct a detailed list of tasks required by Australian urban firefighters.  
Additionally, Blacker et. al. (2015) conducted seven separate workshops to establish 
task simulations and criterion tests for UK fire and rescue personnel.  In addition to 
providing input to the identification of criterion tasks, experiential experts are also 
important during the development of task simulations to ensure the replication of a 
realistic operational scenario (Blacker et al., 2015; Blacklock et al., 2015; Payne & 
Harvey, 2010; Siddall et al., 2014). 
 
Contemporary viewpoints have highlighted the importance of consulting experiential 
experts with a diverse range of experiences and expertise to ensure their input is 
representative of the broader employment category (Blacklock et al., 2015; Lavin et al., 
2007; Milligan et al., 2016b; Zumbo, 2016).  Such recommendations follow literature 
from the field of psychology which has indicated dissimilarities in the feedback of 
experiential experts based upon their age, educational status, and experience (Landy & 
Vasey, 1991; Tross & Maurer, 2000).  However, in relation to employment standard 
literature, variations within the contributions of different experiential expert groups 
have not been explored.  Therefore the aim of Chapter 3 within the current thesis was 
to compare the specifications and associated physiological demands of a task 














Experienced workforce incumbents, termed experiential experts, are utilised within 
multiple steps of the employment standard developmental process (Zumbo, 2016).  
Such steps include the identification of physically demanding tasks (Jamnik et al., 
2010c; Phillips et al., 2012; Taylor et al., 2015a), development of task simulations 
(Blacklock et al., 2015; Siddall et al., 2014), development of criterion tests (Blacker et al., 
2015), determination of methods of best practice (Milligan, 2013) and the establishment 
of minimum performance standards (Blacker et al., 2015; Rogers et al., 2014b; Siddall et 
al., 2014).  The quality of the input from experiential experts is dependent upon the 
experience and expertise of the personnel involved (Landy & Vasey, 1991; Lavin et al., 
2007).  Indeed, failure to select appropriate experiential experts can jeopardise the 
validity and defensibility of an employment standard (Milligan et al., 2016b).  
Consequently, the classification criteria of an experiential expert within employment 
standards related literature has recently been outlined (Blacklock et al., 2015).  The 
purpose of the present investigation is to examine two important applications of 
experiential experts within the development of employment standards.  Firstly, to 
explore potential variations in the physiological demands of task simulations 
developed by independent groups of experiential experts.  Secondly, to investigate the 
validity of a single-person task simulation for a group-based criterion task.    
 
Within public safety related occupations, the direct quantification of the physiological 
demands of actual on-the-job tasks is often dangerous and not feasible from a practical 
perspective (Payne & Harvey, 2010; Tipton et al., 2013).  Consequently, to enable 
quantification of the physiological demands of criterion tasks, task simulations are 
developed.  The physiological demands of task simulations have formed the basis of 
minimum performance standards for a wide range of public safety-related occupations 
including urban firefighters (Fullagar et al., 2015), metropolitan firefighters (Gledhill & 
Jamnik, 1992b) and correctional officers (Jamnik et al., 2010a).  For this reason, task 
simulations are critical for the development of physical employment standards.   
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The validity of a task simulation relies upon the accurate replication of a typical 
operational scenario.  To satisfy this requirement, experiential experts are consulted 
(Blacklock et al., 2015).  Contemporary viewpoints have highlighted the importance of 
consulting experiential experts with a diverse range of experiences and expertise 
(Blacklock et al., 2015; Lavin et al., 2007; Milligan et al., 2016b; Zumbo, 2016) to nullify 
the known effect of age, sex, and experience, on experiential expert input (Ferris et al., 
1985; Landy & Vasey, 1991; Tross & Maurer, 2000).  Despite these guidelines, task 
simulations have been developed and reported based upon the input of one group of 
experiential experts (Louhevaara et al., 1994; Milligan et al., 2016a; Taylor et al., 2015b).  
For instance, the task simulations for Australian urban firefighters were designed, 
directed, and supervised by one experiential expert (Taylor et al., 2015b).  The 
methodological approach of consulting one experiential expert group may not be 
appropriate if the design of task simulations differs when developed by independent 
groups of experiential experts.   However, in relation to the physiological demands of 
task simulations, this assumption is yet to be addressed in the literature.  Therefore, a 
primary aim of the present investigation was to investigate whether the physiological 
demands of task simulations developed by independent groups of experiential experts 
differ significantly.  
 
The second focus of the present investigation was to establish the validity of a single-
person task simulation for a group-based criterion task.  Single-person task simulations 
are important for employment standards development as they enable the assessment of 
individual task performance; a requirement of criterion validation studies (Blacker et 
al., 2015; Payne & Harvey, 2010; Siddall et al., 2014).  The transition from a group-based 
criterion task to an single-person task simulation is dependent upon input from 
experiential experts (Blacker et al., 2015; Siddall et al., 2014).  Siddall et al. (2014), in 
conjunction with experiential experts, developed a simulation that could be completed 
by a single-person for a critical group-based task performed by UK Fire and Rescue; 
the containment a wildland fire.  Using feedback from experiential experts, it was 
concluded that the single-person simulation for the containment of a wildland fire was 
an inaccurate replication of the group-based criterion task (Siddall et al. 2014).  
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Therefore, this task was removed from further analysis.  Blacker et al. (2015) also 
developed single-person task simulations for a range of group-based tasks required by 
UK Fire and Rescue personnel.  However, the content validity of the single-person task 
simulations was not reported  
 
Whilst in some instances the development and validation of single-person task 
simulations has been attempted (Blacker et al., 2015; Siddall et al., 2014), numerous 
authors have chosen to adopt exclusion criterion to group-based criterion tasks to 
ensure their exclusion during the task analysis phase of physical employment standard 
development (Taylor et al., 2015a, Marcinik et al. 1995).  For instance, Marcinik et al. 
(1995) only selected tasks where the majority of work was performed by an individual.  
Taylor et al. (2015a) similarly removed group-based tasks including a two-person 
victim rescue task despite feedback from experiential experts that indicated the task 
was both highly important and physically demanding.  However, to allow the 
development of a legally defensible testing protocol, physical employment standards 
must be based upon the most physically demanding tasks within an occupation 
(Gumieniak et al., 2011; Jamnik et al., 2013).  Therefore, it is critical to demonstrate that 
the characteristics of a group-based task prevent the development of a valid 
employment standard rather than exclusion based upon unquantifiable standards.   
 
To explore the suitability of group-based criterion tasks, the present investigation 
established the validity of single-person task simulations.  To fulfil this aim, the current 
investigation utilised physiological data collected by the Defence Science and 
Technology Group (DST Group) during a trade and task analysis of the Royal 
Australian Air Force (RAAF). 
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 3.1.1 AIMS 
The aims of the present investigation were: 
1.  To determine the effect of independent groups of experiential experts upon the 
physiological demand of a task simulation. 
2.  To compare the physiological demands of a group-based and single-person task 
simulation. 
 
3.1.2 NULL HYPOTHESES 
It was hypothesised that: 
1.  The physiological demands of a task simulation developed by two independent 
groups of experiential experts will not differ. 
2.  A single-person task simulation for a group-based criterion task will possess 
acceptable content validity.   
3.  The physiological demands of a single-person task simulation and a group-based 




Two independent groups of RAAF participants were recruited from the Air Force 
Security category at RAAF Base Amberley, Queensland, Australia (Table 3.1).  Expert 
Panel 1 (N = 10, 9 males, 1 female, age 26.4 ± 7.3 y, experience 5.2 ± 3.9 y) was recruited 
6 months after Expert Panel 2 (N = 15, 12 males 3 females, age 32.8 ± 6.5 y, experience 
8.2 ± 3.2 y).  Recruitment ensured that each expert panel contained; i) at least one 
female, ii) experiential experts with 10 or more years of experience in the RAAF, and 
iii) experiential experts who have attained task experience whilst on deployment.  Prior 
voluntary written informed consent was obtained from each participant with all testing 
conducted according to the NHMRC Statement on Human Experimentation (NHMRC, 
2007).  The investigation was approved by the Australian Defence Human Research 
Ethics Committee, approval number 491-07 and formally acknowledged by the 
University of Wollongong Human Research Ethics Committee.  
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Table 3.1: The participant characteristics of the experiential experts 
 Expert Panel 1 Expert Panel 2 
Participants (N) 10 15 
Age (y) 26.4 ± 7.3 32.8 ± 6.5 
Mass (kg) 75.2 ± 9.6 87.1 ± 19 
Experience (y) 4.4 ± 3.9 8.2* ± 3.2 
?̇?O2max (mL·kg-1·min-1) 40.6 ± 1.7 36.3 ± 6.03 
Note: Expert Panel 2 data was collected by the Defence Science and Technology Group.  * 
denotes statistical significance between Expert Panel 1 and Expert Panel 2.  ?̇?O2max was 
predicted using the results of the multi-stage shuttle run test (Ramsbottom et al., 1988). 
Experience was defined as the number of years a participant had been enlisted within the 





3.2.2 EXPERIMENTAL DESIGN 
The current investigation was conducted in two phases (Figure 3.1).  Phase 1 of the 
investigation required a panel of experiential experts (Expert Panel 1) to develop a task 
simulation of a group-based task with the RAAF.  The selected task (Section 3.2.3) had 
previously been simulated by an independent panel of RAAF employees (Expert panel 
2).  The physiological demand of the task simulation developed by Expert Panel 2 had 
been quantified by the Defence Science and Technology Group (DST Group).  The 
second phase (Phase 2) of the investigation involved Expert Panel 1 developing 








3.2.3 SELECTION OF A GROUP-BASED CRITERION TASK 
A comprehensive trade and task analyses was conducted by the Defence Science and 
Technology Group on the RAAF to determine the criterion group-based task to be 
utilised for the first phase of this investigation.  The selection criteria required the task 
to be performed by more than 2 personnel, require a considerable physical demand, 
and be reasonably simulated on a RAAF base.  Of the 26 tasks in which the 
physiological demand had been previously quantified, the task of constructing an 
access control point was selected.  Constructing an access control point is a group task 
requiring a minimum of four but sometimes up to eight personnel to complete the 
activity.  The task can be broken down into two main components; (i) the construction 
of the military tent and (ii) the construction of a secure perimeter around the tent.  To 
successfully complete of the task, personnel are required to engage in significant 
manual handling to first transport the equipment to the desired location and then 
construct the tent and perimeter.  The physical demands of establishing an access 
control point, along with the requirement for the task to be completed in a group, 
formed the primary reasons for the selection of this task within the current 
investigation. 
 
The purpose of establishing an access control point is to enable selective restriction of 
access to an area.  Numerous operational scenarios may require RAAF personnel to 
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construct access control points such as the development of security checkpoints, the 
construction of a temporary airfield, or for the storage of supplies.  The construction of 
an access control point is considered to be a generic RAAF task as personnel within 
many employment categories are expected to perform the task.  Such employment 
categories include Air Force Security personnel and Air Force Defence Guards; 
employment trades that supplied the experiential experts panels within the current 
investigation.   
 
3.2.4 BASELINE PHYSICAL ASSESSMENT  
Each participant was assessed for stature, body mass and estimated peak oxygen 
consumption.  Stature was measured in each participant using a portable stadiometer 
(Seca 220, Brooklyn, NY, USA), with shoes and socks removed.  The participants were 
instructed to stand with heals against the stadiometer, looking straight ahead with a 
neutral spine with a measurement taken upon inhalation.  The stature was the distance 
from the floor to the crown of the head recorded to the nearest 0.1 cm.  Body mass was 
recorded on calibrated electronic scales (Soehlne, Nassau, Germany) to the nearest 0.1 
kg. Participants wore standard military physical training clothing (t-shirt and shorts) 
with all other clothing items prior to measurement.  Participants then completed a 20-
m multi-stage shuttle run test to volitional termination. This assessment has been 
shown to be a valid (r2 = 0.85) and reliable estimation of peak oxygen consumption 
(Ramsbottom et al., 1988).  The participants continually ran between two-parallel lines 
set 20 m apart, with a starting speed of 8.5 km·h-1 that increased by 0.5 km·h-1 at each 
level until volitional termination.  Volitional termination was defined as the inability to 
maintain the required cadence for two consecutive shuttles despite verbal 
encouragement from investigators.  The participants performed the assessment as a 
group at an indoor gymnasium of the Amberley RAAF Base.    
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3.2.5 FOCUS GROUPS WITH EXPERIENTIAL EXPERTS 
Expert Panel 1 was involved in two focus group meetings.  The first meeting (Phase 
one) aimed to develop a task simulation for the task of establishing an access control 
point.  The second meeting aimed to translate the group-based task into a single-
person task simulation (Phase two).   
 
3.2.5.1 Phase 1: Development and completion of a task simulation  
The focus group meeting started with a 15-min introductory presentation by the 
primary facilitator to the experiential expert group.  The presentation outlined the 
purpose of the focus group including the application of task simulations within the 
development of employment standards.  The considerations for a scenario, as outlined 
by Blacklock et. al. (2015), were put forth to the participants.  The considerations 
included the typical location of performing the task, the number of personnel involved, 
the environment, the terrain, along with specifications such as the distances walked 
and masses of items (Blacklock et al., 2015).  All group members were encouraged to 
provide input into the scenario.  It was emphasised that all opinions were valid and 
would be treated equally regardless of rank.   
 
Following the presentation, the experiential experts met with the primary facilitator 
and two assistants for approximately 30 min to discuss the criterion task. Specifically, 
the discussion aimed to outline all the sub-tasks required to establish an access control 
point.  Additionally, the discussion addressed issues such as the number of people 
involved in the task, the coordination of the job roles between the group members, the 
clothing worn, the number of items required, the use of personal protective equipment, 
and an appropriate location on the base to perform the simulation.  Upon finalisation 
of the parameters of each sub-task, all experiential experts were asked for their opinion 
regarding the accuracy of the replication.  Consensus was taken when the majority of 
personnel agreed that the requirements of the task simulation replicated a typical 
operational scenario.  Conflicting opinions between experiential experts resulted in 
further discussion to establish a compromise of the sub-task requirements.     
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Following the group-based discussion, the simulation was set-up on a flat grassed area 
of the RAAF Base Amberley.  All experiential experts completed the simulation in 
groups of five as this was deemed to replicate a typical group size (Figure 3.2).  The 
participants were asked to work at a moderate priority rating during the task 
simulation.  A moderate priority rating equated to 6 out of 10 on the priority scale.  The 
priority scale is used generically throughout the military as a means of setting task 
intensities.  
 
3.2.5.2 Phase 2: Development and completion of a single-person task simulation  
Following the completion of the group-based task simulations, the experiential expert 
group reconvened.  Again, the focus group began with a presentation from the 
primary facilitator.  The 10-min presentation addressed the aim of the focus group 
which was to develop a task simulation that could be completed by a single-person for 
the task of establishing an access control point.  To develop the simulation, the group 
utilised the sub-tasks that were identified during the development of the group-based 
task simulation.  Each sub-task was addressed with the intention of establishing the 
individual requirements (Table 3.2).  When feasible, objective measures such as the 
mass of the items were used to identify the individual requirements.  For example, the 
military tent, which requires two personnel to perform the lift, has a mass of 48 kg, 
hence the individual requirement was to lift and carry half this mass; 24 kg.  Once the 
individual requirements were established by the focus group, these requirements were 
then used as the basis for the development of a circuit-based criterion test.  It was 
concluded by the group that rest periods were common during the task, even during 
high priority scenarios, and therefore a mandatory rest period was included in the test.  
Similar to the development of the task simulation, consensus was reached when a 
majority of personnel had agreed that the circuit specifications were representative of a 
typical operational scenario.  Upon disagreement between experts, the primary 




Figure 3.2: The requirements of the access control point task simulation designed and 
completed by two independent expert panels:  (1) Carrying the tent; (2) 
Insertion of star pickets using post driver; (3) Constructing the base of the 
tent; (4) Final access control point established 
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Once the single-person circuit-based task simulation had been developed, each 
experiential expert then physically completed the task at a moderate priority rating.  
This was the same rating required of the group-based task simulation ensuring similar 
task intensity was attained in both the group-based and single-person task simulations. 
 
 
Table 3.2: The transition between a group-based task simulation and a single-person 
task simulation for the task of constructing an access control point. 
Note: *the expert panel indicated that rest periods were common during the group-based task 
whilst waiting on other members to perform a task.  Therefore, a compulsory 1 min rest was 
included in the single-person task simulation. 
  
Group-based  Participants Single-person  
Lift and carry a military tent (48 kg) from a 
vehicle to the set-up location. 
2 
Lift and carry a 24 kg bag a 
distance of 25 m. 
Carry 8 star pickets and 2 post drivers from 
the vehicle to the set-up location. 
3 
Run/walk 75 m before lift and 
carry of  post driver 50 m. 
Insert 8 star pickets into the ground to 
establish a tent perimeter. 
3 
Insert 3 star pickets into the 
ground using a post driver (3 
vigorous hits per picket). 
Assemble the tent framing. 4 
Assemble ¼ of the tent 
framing 
Rest*  Mandatory rest – 1 min* 
Drag a tent canvas over the tent base. 2 
Drag a tarpaulin, weighted to 
half that of the canvas, 
backwards 5 m. 
Insert 12 tent pegs into the ground using a 
mallet. 
4 
Insert 3 tent pegs into the 
ground with a mallet.  Hit each 
peg 10 times. 
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3.2.6 QUANTIFICATION OF THE PHYSIOLOGICAL AND PSYCHOPHYSICAL DEMANDS 
Whilst performing the group-based task simulation and single-person task simulation 
each participant was fitted with a portable metabolic system (Metamax 3B, Cortex, 
Germany).  The systems were calibrated prior to each testing day using an alpha 
standard gas (15 % O2, 5 % CO2) and a volumetric syringe (3 L).  Additional volume 
calibrations were performed on all systems prior to each test.  Oxygen consumption 
(?̇?O2) was measured as 15-s averages.  Cardiac frequency was recorded beat-by-beat 
via telemetry (Polar electro, Kempele, Finland).  A rating of perceived exertion (RPE) 
was measured for each participant following completion of the simulation using the 
15-pt Borg Rating of Perceived Exertion Scale (Borg, 1982).  A visual analogue scale 
was also distributed to the participants who were asked to mark their response along a 
100-mm line with strongly agree and strongly disagree on either ends (Figure 3.3).  
Ratings were measured using the distance (mm) each mark was positioned from the 




Figure 3.3: The visual analogue scale used to determine content validity. The 
participants were asked to mark their response on the 100-mm line.  
Page 49 
3.2.7 STATISTICAL ANALYSIS 
Unpaired t-tests were used to identify differences between the task simulations 
developed by Expert Panel 1 and Expert Panel 2 for all outcome variables.  Paired t-
tests identified differences (p < 0.05) between the group-based task simulation 
developed by Expert Panel 1, and the single-person task simulation also developed by 
Expert Panel 1 for all outcome variables.  The outcome variables determined a priori 
were duration, absolute oxygen consumption, relative oxygen consumption, 
percentage of peak oxygen consumption (% ?̇? O2peak), cardiac frequency, RPE, the 
maximal acceptable work duration (MAWD), and the percentage of maximal work 
duration (%MAWD).  Alpha was set at a p < 0.05 for statistical significance.  All data 
are reported as means ± standard deviations unless otherwise specified. 
 
The MAWD was utilised to compare the physiological demands of the task 
simulations.  MAWD is a measure of the expected duration that a task can be 
maintained at a specific relative intensity (Bos et al., 2004; Drain et al., 2016; Wu & 
Wang, 2002).  The determination of MAWD relies upon the inverse relationship 
between relative intensity and time to task failure.  To calculate MAWD, each 
participant’s peak aerobic power (?̇?O2peak) was estimated using the results of the multi-
stage shuttle run test (Ramsbottom et al., 1988).  Each participant’s mean ?̇?O2 during 
the task was then compared to their predicted ?̇?O2peak to calculate the mean percentage 
of ?̇?O2peak (%?̇?O2peak).  The calculation of MAWD then used the following equation; 
MAWD = 65.366e-0.06x, where x = %?̇? O2max  (Drain et al., 2016).  To calculate the 
%MAWD, the duration of the task simulation was then divided by the MAWD to 
obtain %MAWD.  For example, if the predicted ?̇?O2peak was 40 mL·min-1·kg-1 and the 
mean ?̇?O2 during the task was 20 mL·min-1·kg-1, then the relative intensity would equal 
50 %?̇?O2peak.  Using y = 65.366e-0.06x, the MAWD at 50 %?̇?O2peak is approximately 3 hours.  




3.3.1 PHASE ONE: THE DEVELOPMENT OF AN ACCESS CONTROL POINT GROUP-BASED TASK 
SIMULATION BY TWO INDEPENDENT PANELS OF EXPERIENTIAL EXPERTS 
Expert Panel 1 and Expert Panel 2 were working at a similar metabolic rate indicated 
by comparable absolute oxygen consumption (p = 0.84) and relative oxygen 
consumption (p = 0.09) values between groups (Table 3.3).  Furthermore, no significant 
difference was observed between the two expert panels for %?̇?O2peak (p = 0.96), cardiac 
frequency (p = 0.18), or MAWD (p = 0.84).  Whilst the metabolic rate of each expert 
panel was similar, there was a marked difference in the duration of the simulations (p = 
0.00) with Expert Panel 2 taking, on average, 18 min 54 s longer than Expert Panel 1 to 
complete their task simulation.  Consequently, the %MAWD also differed significantly 
between the task simulations developed by each panel of experts (p = 0.044).  Therefore, 
due to the differences in duration, the simulation developed by Expert Panel 2 required 




Table 3.3: The physiological demand of the task simulations developed by Expert 
Panel 1 and Expert Panel 2. 
 Expert Panel 1 Expert Panel 2 
Duration (min) 15.50 ± 3.68 34.43* ± 2.59 
?̇?O2 (L·min-1) 1.26 ± 0.08 1.28 ± .07 
?̇?O2 (mL·kg-1·min-1) 
?̇?O2peak (%) 
16.81 ± 3.40 
41.42 ± 2.80 
14.85 ± 2.72 
41.26 ± 1.79 
Cardiac frequency (b·min-1) 133.8 ± 5.19 125.4 ± 2.43 
MAWD (min) 281.8 ± 29.3 283.3 ± 37.8 
%MAWD  5.50 ± 3.61 12.15* ± 2.42 
Note: RPE = rating of perceived exertion.  Data for Expert Panel 2 were collected by the DST 
Group.  Data are presented as group means ± standard deviation, * denotes Expert Panel 2 is 




3.3.2 PHASE TWO: THE DEVELOPMENT OF A SINGLE-PERSON TASK SIMULATION FOR THE 
GROUP-BASED ACCESS CONTROL POINT CRITERION TASK  
Of the 10 experiential experts that designed and completed the group based task 
simulation (Expert panel 1), four experts were unable to complete the single-person 
simulation due to unforeseen work-related duties.  However, those four experts still 
provided input into the design of the single-person task simulation.  When the group-
based and single-person task simulations were compared, the experiential experts took 
on average 8 min 30s longer to complete the group-based task simulation (Table 3.4) 
and the difference was statistically significant (p = 0.00).  Whilst shorter in duration, the 
single-person task simulation elicited a higher metabolic demand than the group-based 
simulation indicated by a higher absolute oxygen consumption (p = 0.022), relative 
oxygen consumption (p = 0.040), and %?̇?O2peak (p = 0.036) when compared to the group-
based task simulation.  The higher metabolic rate measured during the single-person 
task simulation resulted in the MAWD being 174 min 42 s shorter than the group-
based task simulation (p = 0.042).  However, when the actual durations of each 
simulation were considered, there was no difference (p = 0.406) in the %MAWD of each 
simulation.    
 
Table 3.4: The physiological demand of the task simulation and simulation test 
 Task simulations  
 Group-based  Single-person  
Duration (min) 15.5 ± 3.68 7.01* ± 0.83 
?̇?O2 (L·min¯¹) 1.26 ± 0.08 1.57* ± 0.20 
?̇?O2 (mL·kg-1·min-1) 16.81 ± 1.07 20.95* ± 3.06 
?̇?O2peak (%) 41.42 ± 2.80 51.5* ± 7.6 
Cardiac frequency (b·min¯¹) 133.8 ± 16 144 ± 17 
RPE 10.3 ± 0.80 11.7* ± 0.50 
MAWD (mins) 367.7 ± 175.8 193.0* ± 87.2 
%MAWD  5.50 ± 3.6 4.16 ± 1.5 
Note: RPE = rating of perceived exertion, %MAWD = task duration divided by the maximal 
acceptable work duration.  Data are presented as mean ± standard deviation for both the group-
based (N = 10) and single-person (N = 6) task simulation.  * denotes the group-based task 
simulation was significantly (p < 0.05) different to the single-person task simulation. 
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The mean response to the visual analogue scale was 85.1 mm (SD 11.1) from the left-
hand (strongly disagree) end of the 100 mm line (Table 3.5).  The range of results was 
from 62 – 97 mm from the left-hand end of the scale with a median distance of 88 mm. 
 
 
Table 3.5: The visual analogue scale responses.  




Note: All values represent the distance (mm) from the left hand end (strongly disagree) of the 






3.4.1 PHASE ONE: THE DEVELOPMENT OF AN ACCESS CONTROL POINT GROUP-BASED TASK 
SIMULATION BY TWO INDEPENDENT PANELS OF EXPERIENTIAL EXPERTS 
 
Phase 1 of the present investigation deliberately set out to explore the differences in the 
specifications and physiological demand of a task simulation developed by two 
independent panels of experiential experts.  The study observed major inconsistencies 
in the simulation design between two panels of experiential experts, suggesting that 
each panel had a different understanding of what constituted a realistic operational 
scenario for the task of establishing an access control point.  As a consequence of these 
inconsistencies, the duration of each simulation differed considerably bringing about a 
significant difference in the percentage of maximal acceptable work duration of each 
task simulation.  These findings suggest that task simulations developed upon input 
from one group of experiential experts may result in a simulation that is biased 
towards the perceptions of the experts consulted and therefore not representative of a 
typical on-the-job scenario.  This finding provides an important contribution to 
employment standards related research given that task simulations have, in some 
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instances, been based upon input from a single group of experiential experts 
(Louhevaara et al., 1994; Milligan et al., 2016a; Taylor et al., 2015b).   
 
A comparison of the simulations developed by Expert Panel 1 and 2 identified a 
number of evident differences in the design of each task simulation.  One such example 
regarded the requirement to wear personal protective equipment when completing the 
task.  Expert Panel 2 determined that a protective clothing ensemble, consisting of 
body armour and a firearm, were essential items in a realistic operational scenario of 
constructing an access control point.  In contrast, Expert Panel 1 specified that there 
was no requirement to wear personal protective equipment.  Numerous studies have 
documented an increase in the physiological demand of an activity when external 
loads such as protective clothing ensembles are worn by participants (Caldwell et al., 
2011; McLellan & Havenith, 2016; Taylor et al., 2012; Teitlebaum & Goldman, 1972).  
The magnitude of the increase is due to a variety of factors including the mass of 
ensemble (Quesada et al., 2000; Soule et al., 1978), the increased friction of movement 
(Teitlebaum & Goldman, 1972), the location of the load (Taylor et al., 2012), and the 
mass to which the load is applied (Taylor et al., 1980).  Given that both panels of 
experts were working at a similar metabolic rate, it may be assumed that the protective 
clothing ensemble worn by Expert Panel 2 reduced the rate of external work 
performed, thereby increasing the duration of the task simulation.  
 
Whilst the ensemble worn during the simulation may explain part of the variation in 
task duration, Expert Panel 1 and 2 were also observed to have adopted a different 
technique for the completion of certain sub-tasks within the access control point task 
simulation.  This was clearly demonstrated with the insertion of the star pickets used to 
set the perimeter of the control point (Figure 3.4).  Expert Panel 1 specified that the 
insertion of the pickets was an individual task and thus, was to be completed by one 
person only.  In contrast, the technique utilised by Expert Panel 2 required two 
personnel to insert each individual star picket.  As a result of these differences in 
technique, Expert Panel 1 had more personnel available to simultaneously perform 
alternative aspects of the task such as constructing the tent structure.  Differences in the 
techniques used to perform occupational tasks are known to lead to discrepancies in  
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Figure 3.4: The technique employed by Expert Panel 1 (left) and Expert Panel 2 (right) 
for the task of inserting star pickets.  Picture 1 shows that Expert Panel 1 
utilised one group member to insert the star pickets in contrast to the two 
panel members utilised by Expert Panel 2 shown in Picture 2. 
 
 
the physiological demands of a task (Delbridge et al., 2016; Milligan et al., 2016a; Tipton 
et al., 2013).  This issue was highlighted by Milligan et al. (2016a) who observed 
significant differences in the metabolic demand of a compulsory rescue task within UK 
Coastguard when performed by experienced or inexperienced participants.  The rescue 
task required a sled to be dragged 150m through mud at a fixed walking speed.  The 
experienced cohort elicited an oxygen consumption of 32.9 mL·kg-1·min-1, 24% lower 
than the inexperienced participants (42.90 mL·kg-1·min-1) performing the identical task.  
In a separate study, Milligan (2013) also documented considerable inter-individual 
variations in the physiological demands of a ladder climbing task whereby the most 
inefficient participant utilised 18.14 mL·kg-1·min-1 more oxygen at a set climbing rate 
than the most efficient participant.  Milligan (2013) concluded that the difference in 
physiological demand was due to the technique used during the task.  The importance 
of establishing a standardised operating procedure prior to quantifying the demands of 
a criterion task is highlighted by the influence of technique on task demands (Tipton et 
al., 2013).  The findings of current investigation suggest that the perception of a 
standardised operating procedure may vary between experiential experts and 
therefore multiple experiential expert panels should be consulted during the process of 
establishing a standardised operating procedure.  Whilst previous authors have 
recognised variation in experiential expert based upon the experience and expertise of 
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the personnel involved (Landy & Vasey, 1991; Richman & Quiñones, 1996; Tross & 
Maurer, 2000), the current investigation is the first to demonstrate this effect in regards 
to the development of task simulations. Based upon these findings, the method of best 
practice and the use of personal protective equipment should be discussed in detail 
amongst a wide representation of experiential experts prior to the quantification of the 
physiological demand of an occupational task. 
 
 
3.4.2 PHASE TWO: THE DEVELOPMENT OF A SINGLE-PERSON TASK SIMULATION FOR THE 
GROUP-BASED ACCESS CONTROL POINT CRITERION TASK  
Phase two of the current investigation explored the validity of a single-person task 
simulation for the group-based RAAF task of establishing an access control point.  The 
feedback from experiential experts suggested that the single-person task simulation 
possessed appropriate content validity.  Additionally, whilst the single-person task 
simulation elicited a higher metabolic rate than group-based simulation, the 
differences in duration resulted in a comparable percentage of maximal acceptable 
work duration between the two simulations.  These findings suggest that the single-
person task simulation was a valid representation of the group-based criterion task; 
therefore the task characteristics of the access control point task did not prevent the 
development of valid single-person task simulation. 
 
Within employment standards literature, task simulations are generally validated via 
subjective feedback from experiential experts on psychometric scales such as a visual 
analogue scale or Likert scale (Bilzon et al., 2001b; Fullagar et al., 2015; Jamnik et al., 
2010a; Payne & Harvey, 2010; Siddall et al., 2014).  Despite the widespread application 
of psychometric scales, guidelines for the acceptance or rejection of a task simulation 
based upon this analytical technique are yet to be outlined.  When previous 
investigations are considered, the visual analogue scale data obtained in the current 
investigation are comparable to that deemed to represent appropriate content validity 
(Bilzon et al., 2001b; Fullagar et al., 2015; Jamnik et al., 2010a; Sharkey, 1999).  For 
instance, Fullagar et al. (2015) interpreted a mean visual analogue scale result of 82 ± 11 
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mm along the 100-mm line as signifying strong content validity for a task simulation 
developed by Australian urban firefighters.  Additionally, Jamnik et al. (2010a) 
interpreted a six out of seven Likert scale response as a representation of strong content 
validity during the development of employment standards for Canadian correctional 
officers.  With consideration to the previous interpretations of content validity, it may 
be reasonably concluded that the single-person task simulation developed within the 
present study possessed strong content validity. 
 
It must be noted however, that the determination of content validity throughout the 
literature has generally involved a cross-validation approach whereby the panel of 
experiential experts used to establish the content validity of a task simulation were 
independent of the panel used to develop the task simulation (Blacker et al., 2015; 
Fullagar et al., 2015; Siddall et al., 2014).  In contrast, the subjective feedback obtained 
within this study was collected from the experiential experts used to develop the 
single-person task simulation.  As demonstrated in Phase 1 of the current investigation, 
the perception of a typical operational scenario may vary between experiential expert 
groups.  Therefore a cross validation approach involving an independent group of 
experiential experts would provide further clarification as to the content validity of the 
single-person task simulation. 
 
Whilst strong content validity was established for the single-person task simulation, 
the duration of the two simulations was considerably different.  That is, the 
experiential experts took, on average, over twice as long to complete the group-based 
task simulation compared to the duration of the single-person task simulation.  Due to 
the differences in task duration, an estimation of comparable physiological demand 
between the group and single-person simulation is difficult to obtain. However, given 
a hyperbolic association exists between task intensity and time to task failure (Hill, 
1993; Moritani et al., 1981), the physiological demand may still be estimated using 
maximal acceptable work duration (Bos et al., 2004; Drain et al., 2016; Saha et al., 1979; 
Wu & Wang, 2001, 2002).  One such application of this technique was by Bos et al. 
(2004) who investigated the physiological demand of tasks performed by Dutch 
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firefighters.  Bos et al. (2004) established that the actual task duration of two 
occupational tasks exceeded the maximal acceptable work duration.  That is, the 
percentage of maximal acceptable work duration was above 100%.  The maximal 
acceptable work duration technique has also been utilised to demonstrate the effect of 
external loads on physiological demand of occupational tasks (Drain et al., 2016).  Drain 
et al. (2016) demonstrated that the addition of a 30 kg external load considerably 
reduced the maximal acceptable work duration (21 %) of a reference task involving 
walking on a flat road carrying 20 kg on the torso.  Within the current investigation, the 
percentage of maximal acceptable work duration was the same regardless of if the task 
was performed individually or in a group.  Based upon this finding it can be concluded 
that, despite the differences in task duration, the total demand placed upon the 
cardiorespiratory system was similar between the single-person task simulation and 
the group-based task simulation. 
 
3.5 CONCLUSION 
The current investigation has demonstrated that the physiological demands of task 
simulations may vary depending on the experiential experts consulted.  Given this 
finding, researchers must resist organisational pressure to develop employment 
standards with compromised access to experiential experts.  The present study also 
demonstrated that a single-person task simulation, developed by a group of 
experiential experts, was a valid replication of a group-based criterion task.  It is 
recommended that future employment standards research adopt a similar 
methodology before excluding group-based criterion tasks during the task analysis 
period.  Given that the present study explored just one group-based task, future 








THE DETERMINATION OF A MINIMUM ACCEPTABLE 
PERFORMANCE STANDARD AND THE VALIDATION OF 




The methodological framework for the development of a bona fide employment 
standard involves multiple validation steps (Gledhill & Bonneau, 2000; Tipton et al., 
2013).  Failure to adequately perform these validation steps increases the susceptibility 
of an employment standard to legal challenge and may jeopardise the safety of an 
employee or the public (Jamnik et al., 2013; Sheppard, 2000).  The current experimental 
chapter investigates two critical steps of the methodological framework as they relate 
to cardiorespiratory-based employment standards; (1) the development of minimum 
acceptable performance standards, and (2) the selection of valid and reliable 
assessments of criterion task performance.   
 
Minimum acceptable performance standards are defined as the minimally adequate 
level of performance for some purpose (Kane, 1994).  In public safety-related 
occupations, minimum acceptable performance standards are generally related to safe 
and efficient completion of the job that does not endanger the worker, co-worker, or 
public (Jamnik et al., 2010a; Rogers et al., 2014b; Sheppard, 2000).  To perform at a 
minimum acceptable standard an employee must possess a range of physical and 
physiological attributes.  Of these attributes, cardiorespiratory fitness is well-
established as a key requirement within a wide range of occupations including the 
military (Bilzon et al., 2001b; Rayson et al., 2000), firefighting (Gledhill & Jamnik, 1992a; 
Rodríguez-Marroyo et al., 2012; Sothmann et al., 1992), beach lifeguards (Reilly et al., 
2006b), and correctional officers (Jamnik et al., 2010c).  Consequently, the development 
of minimum cardiorespiratory-based performance standards has been widely focused 
upon within the literature (Bilzon et al., 2001b; Gledhill & Jamnik, 1992b; Tipton et al., 
2013; Wynn & Hawdon, 2012).   
 
In many cases, the critical power model has been utilised to establish 
cardiorespiratory-based standards (Bilzon et al., 2001b; Jamnik et al., 2010a; Siddall et 
al., 2014).  The critical power model is based upon the hyperbolic relationship between 
relative intensity and maximal acceptable work duration (Hill, 1993; Moritani et al., 
1981).  This methodological approach requires both the task duration and the mean 
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oxygen consumption during the task to be quantified (Bilzon et al., 2002; Gledhill & 
Jamnik, 1992b; Jamnik et al., 2010a).  For instance, Gledhill and Jamnik (1992b) 
determined that the most physiologically demanding firefighting tasks performed by 
Canadian firefighters required a mean oxygen consumption of 41.5 mL·kg-1·min-1.  Due 
to the capacity of the breathing apparatus worn during such tasks, the maximum task 
duration was 10 minutes.  Using previous findings by Astrand and Rodahl (1986), the 
maximum relative intensity of a 10-min task was deemed to be 85 % of V̇O2max.  
Therefore, to perform the criterion task at an acceptable standard, the relative oxygen 
consumption required during the task (41.5 mL·kg-1·min-1) could not represent more 
than the 85 % of a firefighter’s V̇O2max.  Based upon this technique, each firefighter was 
required to have a V̇O2max of 47.4 mL·kg-1·min-1 or above.  
 
The validity of utilising the critical power concept relies upon relative workloads 
accurately predicting variations in actual work time (Tipton et al., 2013).  However, 
considerable variability exists in the reported relationship (r2 = 0.41 – 0.87) between 
critical power and time to task failure (Louhevaara et al., 1986; Wu & Wang, 2001, 
2002).  The variability observed between critical power and time to task failure may be 
explained by the effect of specific task characteristics on the ability to maintain relative 
workloads.  Such characteristics include the environmental conditions, carriage of 
external mass, the quantity of activated muscle mass, and the characteristics (eccentric, 
concentric, iso-inertial and static) of the muscle activation (Notley et al., 2014; Petrofsky 
& Lind, 1978; Randle & Legg, 1985; Sharp et al., 1988; Shephard, 1991).  The limitations 
associated with the critical power concept for establishing minimum cardiorespiratory-
based standards has led to the application of alternative methods, such as the use of 
experiential experts, during the development of minimum acceptable performance 
standards (Blacker et al., 2015; Richmond et al., 2008; Rogers et al., 2014a; Siddall et al., 
2014; Sothmann et al., 2004).  
 
One specific method based upon the judgement of experiential experts is termed the 
Bookmark method (Zumbo, 2016).  The Bookmark method has been advocated for 
criterion tasks whereby performance is measured by time; a common characteristic of 
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cardiorespiratory-based tasks (Rogers et al., 2014a; Zumbo, 2016).  The Bookmark 
method is an item-mapping approach for standard setting that has historically been 
implemented within educational settings (Karantonis & Sireci, 2006).  For instance, the 
Bookmark method has been used to determine exam responses that represent a 
minimum standard for the respective level of education (Cizek et al., 2004).  Within the 
context of physical employment standards, the Bookmark method requires a range of 
videoed work samples to be produced that differ only in the rate of work performed 
during the task (Rogers et al., 2014a; Siddall et al., 2014).  The work samples are 
presented to a panel of experiential experts that determine, through focus group 
discussion, the minimum standard related to safe and efficient completion of the task.  
Whilst item-mapping approaches, such as the Bookmark method, have been applied 
within employment standards research (Docherty et al., 2007; Petersen et al., 2008; 
Petersen et al., 2011; Rogers et al., 2014a; Siddall et al., 2014; Sothmann et al., 2004), 
specific methodological considerations are yet to be investigated.  Such considerations 
include the comparison between actual task work rates and the minimum performance 
standard established using the Bookmark method, and the influence of the order in 
which the work samples are presented on the perception of a minimum acceptable 
standard.  These two considerations form a major focus of the current experimental 
chapter. 
 
Following the determination of a minimum performance standard, the methodological 
framework for the development of a bona fide employment standard requires a valid 
assessment of criterion task performance to be selected (Tipton et al., 2013).  Whilst 
simulation tests are considered the most legally robust classification for an assessment 
of occupational fitness, some criterion tasks may not be amenable to simulation test 
development (Tipton et al., 2013).  Furthermore, simulation tests are not necessarily 
suitable for testing unskilled recruits (Constable & Palmer, 2000).  Consequently, 
assessments that predict task performance are regularly validated for inclusion within 
testing protocols (Beck et al., 2015; Bilzon et al., 2002; Carstairs et al., 2016; Gunderson et 
al., 1972; Michaelides et al., 2008; Richmond et al., 2008; Wilmore & Davis, 1979). 
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The validity of a predictive test relies upon a strong relationship between performance 
on the predictive test and an established criterion performance measure (Milligan et al., 
2016b; Nottrodt & Celentano, 1987).  However, in relation to cardiorespiratory-based 
tests, some authors have selected a generic test upon a single category of 
substantiation; construct validity (Cooper, 1968; Gledhill & Jamnik, 1992b; Jamnik et al., 
2010a; Ramsbottom et al., 1988).  That is, generic cardiorespiratory-based tests are 
selected due to their strong association (r2 = 0.80 - 0.85) with relative V̇O2max (Cooper, 
1968; Ramsbottom et al., 1988).  However, despite the high correlation of generic 
running-based tests with relative V̇O2max, the predictive utility of these field-based tests 
to assess occupational performance has been criticised based upon a variety of factors 
(Bilzon et al., 2001a; Blacker et al., 2015; Taylor et al., 2016).   
 
One criticism of generic running-based tests relates to their validity for occupational 
tasks involving the movement of external load.  From an employment standards 
viewpoint, consideration must be given to the physiological impact of load carriage 
because such tasks often represent the most physically demanding occupational tasks.  
For example, upon characterisation of the tasks required by UK shipboard firefighters, 
a task involving the repetitive lift and carriage of liquid filled drums (30 kg) elicited the 
highest metabolic demand (3.12 L·min-1) of any occupational task (Bilzon et al., 2001b).  
Additionally, a stair climb requiring the dragging a charged hose elicited the highest 
oxygen consumption values (2.20 L·min-1) of any task required by Australian urban 
firefighters (Taylor et al., 2015b).  In each of these examples the mass of the external 
load is fixed and therefore independent of the gender, age, stature or body mass of the 
employee.  This characteristic of external load carriage has significant implications with 
respect to the assessment of load carriage ability (Drain et al., 2016; Taylor et al., 2016).  
Bilzon et al. (2001a) established that when unloaded running tests are used to predict 
performance under loaded conditions there is a systematic bias against heavier 
personnel.  Indeed, this finding is supported by other studies that have highlighted a 
weak-moderate relationship (r2 = 0.01 - 0.26) between relative V̇O2max and load carriage 
performance (Bilzon et al., 2001a; Knapik et al., 1990; Pandorf et al., 2002).  To avoid the 
body mass bias associated with unloaded running tests, a range of cardiorespiratory-
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based tests have been suggested.  One such test type involves a timed run/walk with 
the addition of an external load.  Vanderburgh and Flanagan (2000) demonstrated that 
the addition of 20 kg external load removes the majority of the bias towards lighter 
subjects that is associated with a 2.4 km run test.  An assessment under loaded 
conditions has previously been implemented to evaluate the capabilities of North 
American wildland firefighters (Sharkey, 1999).  Non-weight bearing tests, such as the 
12-min cycle test, also reduce the body mass bias associated with unloaded running 
tests and have been selected in a number of protocols including the United States Air 
Force testing battery (Pollock et al., 1994; Vanderburgh, 1993, 1995; Williford et al., 
1994).  However, the ability of tests performed under loaded conditions and non-
weight bearing assessments to accurately predict performance on occupational tasks 
involving the carriage of external load is yet to be explored.  Therefore, this forms a 
focus of the current research investigation. 
 
An additional criticism of generic fitness tests relates to their inability to incorporate 
the skill aspect of a task (Davis & Dotson, 1987; Payne & Harvey, 2010; Tipton et al., 
2013).  In relation to incumbent testing, a more skilled worker may perform 
occupational tasks more efficiently than an unskilled worker (Milligan, 2013; Milligan 
et al., 2016a; Schwab & Heneman, 1976; Sparrow & Newell, 1998).  To avoid skill-
related discrimination, assessments that are more closely linked to the criterion task, 
such as task-related and simulation tests, may provide a more valid type of assessment 
than generic fitness tests (Davis & Dotson, 1987; Jamnik et al., 2013), providing that the 
reliability of the simulation test is not compromised (Boyd et al., 2014; Richmond et al., 
2008; Spiering et al., 2012).  The current investigation aimed to directly compare the 
validity of generic, task-related, and simulation tests for both a generic occupational 
task and a skill-based occupational task.  To comprehensively compare the validity of 
these tests the sensitivity and specificity of each test type must be considered. 
 
The sensitivity and specificity of an employment test relates to the ability of the test to 
accurately classify employees (Motulsky, 2014).  Sensitivity is defined as the proportion 
of those who are job capable who pass the test, whereas specificity is defined as the 
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proportion of those who are not job capable that fail the test (Payne & Harvey, 2010).  
For example, a test sensitivity of 50% indicates that half of the physically capable 
participants were correctly identified by the test (Zumbo et al., 2002).  In most cases, 
test sensitivity and specificity is closely related to regression strength (Middleton et al., 
2017; Payne & Harvey, 2010), however factors such as data clustering, outliers, and 
limited data points on either end of the scale may distort the relationship (Chatterjee & 
Hadi, 1986, 1988).  Therefore, both linear regression and sensitivity/specificity analyses 
are required to perform a robust validation of a predictive test (Payne & Harvey, 2010; 
Petersen et al., 2016; Tipton et al., 2013; Zumbo, 2016).  Despite these guidelines, few 
studies within employment standards related research have utilised sensitivity and 
specificity measurements (Middleton et al., 2017; Rayson et al., 2000).  To the author’s 
knowledge, no research has yet compared the sensitivity and specificity of task-related 
predictive tests, generic running-based tests, loaded running-based tests, and non-
weight bearing tests.   
 
The aforementioned points have highlighted numerous areas within the validation 
process of cardiorespiratory-based employment standard that are yet to be adequately 
addressed within the literature.  The issues include; the methods used to establish 
minimum acceptable performance standards, the ability of different types of generic 
cardiorespiratory-based tests to predict occupational performance, the sensitivity and 
specificity of each different test type, and the reliability of different types of 
employment tests.  The current experimental chapter aimed to investigate these issues 
to provide a more thorough methodological framework for the development of 





1. Explore the Bookmark method of establishing minimum performance 
standards with a specific focus on; i) the determination of an acceptable work 
rate compared to actual rate of work during a task, and ii) the influence of the 
order in which videoed work samples were presented on the selection of an 
acceptable work rate. 
2. Establish and compare the ability of generic-predictive and task-related 
predictive tests to predict performance on two cardiorespiratory-based criterion 
tasks. 
3. Establish and compare the sensitivity and specificity of different types of 
cardiorespiratory-based tests. 
4. Establish and compare the reliability different types of cardiorespiratory-based 
tests  
 
4.1.2 NULL HYPOTHESES 
1. All experiential experts will complete the task simulation at a work rate above 
the minimum standard of performance.   
2. The order of video presentation will not influence the determination of a 
minimum acceptable standard. 
3. The coefficient of determination of simulation test performance and task-related 
predictive test performance will be greater than 0.45. 
4. The coefficient of determination of simulation test performance and generic 




4.2.1 STUDY DESIGN 
The study was conducted in three distinct phases.  Phase 1 investigated the Bookmark 
method for establishing minimum performance standards.  Phase 2 determined the 
ability of a range of predictive tests to assess performance on the criterion tasks.  The 
methodological design of Phase 2 involved two discreet sections, one utilising an 
unskilled university-based population and the other involving a skilled RAAF-based 
population.  Phase 3 investigated the reliability of the tests examined within the 
previous phase.  The present study was approved by the Australian Defence Human 
Research Ethics Committee under the title Australian Defence Force Physical 
Employment Standards; protocol number 491-07.  The study was subsequently noted 
by the University of Wollongong Human Research Ethics Committee. 
 
Two physically demanding tasks required by personnel within the RAAF were 
selected as criterion tasks.  To provide a forcing function to the methodology of 
validating an employment standard, one simple (performed individually, generic 
skills, repetitive) and one complex task (performed in a group, task-specific skill 
required, multi-faceted) were deliberately selected.  The tasks were the construction of 
an access control point (complex task) and the loading of a RAAF cargo pallet (simple 
task)  
 
4.2.1.1 Construction of an access control point 
The construction of an access control point is a generic task throughout the RAAF and 
is performed by a variety of employment categories such as Air Force Defence Guards 
and Air Force Security.  An access control point is required when selective restriction to 
an area is necessary.  A variety of operational scenarios require the construction of an 
access control point such as the development of either an evacuation handling centre, 
security checkpoint, temporary airfield, or for the storage of supplies.  The task is 
generally completed in a group of 4-8 personnel and consists of two main components; 
(1) the construction of a military tent and (2) the construction of a perimeter around the 
tent (Figure 4.1).  The items required for the task include; a 3.35 m x 3.35 m military 
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tent (48 kg), multiple star pickets (3.35 kg each), a post driver (4 kg), and a mallet.  For 
the purpose of the current investigation, the single person task simulation developed in 




Figure 4.1: The requirements of constructing an access control point. Picture A: 
carrying the military tent from vehicle.  Picture B: constructing the military 
tent.  Picture C: inserting the star pickets using the post driver.  
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4.2.1.2 Loading a RAAF cargo pallet 
The loading and unloading of items onto a RAAF cargo pallet for transportation via 
aircraft is a task required by personnel within the Air Movements category of the 
RAAF.  In emergency situations, minimising the time on the ground of an aircraft is 
critical and therefore the task is often completed under a time constraint.  The task 
requires up to 50 objects to be manually unloaded from a standardised RAAF cargo 
pallet (Figure 4.2).  Once unloaded the pallet must be loaded with 50 different objects.  
The average object mass is approximately 20 kg, with the heaviest approximately 23 
kg.  Typical items include boxes, jerry cans, transportation trunks, and bags loaded 
with various non-rigid items. The standard dimensions of the pallet are 224 cm (wide) 
x 274 cm (long) x 5.7 cm (high).  It is expected that RAAF personnel should, if needed, 





Figure 4.2: The task of loading and unloading a RAAF cargo pallet.  Picture A: picking 




4.2.2 DETERMINATION OF MINIMUM ACCEPTABLE STANDARDS OF PERFORMANCE: THE 
BOOKMARK METHOD 
The aim of this phase of the investigation was two-fold.  Firstly, the study aimed to 
explore the methodological application of the Bookmark method as it relates to i) the 
determination of an acceptable rate of work compared the actual work rate of a task, 
and ii) the influence of the order in which videoed work samples are presented, on the 
selection of an acceptable rate of work.  The second purpose of the investigation was to 
identify a minimum acceptable criterion standard which could then be used for 
sensitivity and specificity analyses of predictive tests (Phase 2).  The Bookmark method 
adopted by Rogers et al (2014) was used as the basis for the methodology utilised 
within the investigation.  The following sections outline the composition of experiential 
experts, the preparation of simulation videos, the preparation of the expert panel and 
the application of the Bookmark procedure. 
 
4.2.2.1 Composition of experiential experts 
Control point task: The expert panel consisted of 15 personnel from the Air Force 
Defence Guard category at the RAAF Base Williamtown, New South Wales.  The 
members of the expert panel had been enlisted within the RAAF for an average of 3 
years and 7 months (SD 3.0 years).  The most experienced member of the panel had 13 
years of experience as an Air Force Defence Guard. 
 
Pallet task: The expert panel consisted of 11 personnel from the Air Force Security 
category at the RAAF Base Amberley, Ipswich, Queensland.  On average, the panel 
members had been enlisted in the Air Movements category for 6 years and 6 months 
(SD 4.8 years).  The most experienced member of the panel had 15 years of experience 
within the RAAF. 
 
4.2.2.2 Preparation of the work sample videos 
An actor was filmed completing the simulation tests at three different speeds to create 
three master videos of each criterion task.  The footage (master video) for each 
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simulation test was recorded using three cameras (GoPro Hero 3, USA) at different 
angles (front, rear, side) to ensure all tasks were clearly visible.  The actor was 
experienced at the task and was wearing representative military clothing.  The 
simulation was performed in accordance with the method of best practice advocated 
by RAAF personnel. 
 
The 15-pt Borg Rating of Perceived Exertion Scale was utilised to determine the speed 
presented within each of the master videos (Borg, 1982).  The work rate presented in 
each master video was based upon an easy, moderate and hard work rate which 
corresponded to 11, 13, and 15 out of 20 on the exertion scale respectively.  The actor 
was given frequent pacing cues to ensure the desired speed was maintained 
throughout each of the three test speeds.  The duration of the master videos for the 
cargo pallet task were 9 min, 11 min 15 s, and 13 min 30 s, and the duration of the 
master videos for the access control point task were 7 min 30 s, 9 min, and 10 min 30 s 
(Table 4.1).  Once filming was complete, the three master videos were duplicated and 
digitally edited (Windows Movie Maker Ver 12) to adjust for speed and produce nine 
separate videos of the simulations.  Pilot testing was conducted to determine if each of 
the nine finalised video speeds were discernible from each other (Appendix 1); an 
important requirement of the Bookmarking method (Rogers et al., 2014a).  Based upon 
the results of the pilot study, the number of videos was reduced from nine to five.  
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Table 4.1 Work sample video selection for the cargo pallet task. 




 9:00  
 9:45  
 
11 min 15 s 
10:30  
 11:15  
 12:00  
 
13 min 30 s 
12:45  
 13:00  
 14:15  
Control point  7:00  
 7 min 30 s 7:30  
  8:00  
  8:30  
 9 min 0 s 9:00  
  9:30  
  10:00  
 10 min 30 s 10:30  
  11:00  
Note: the  symbol indicates the master video speed samples that were judged not to be 
discernibly different from other edited videos.  An edited video judged as not discernible was 
removed from the suite of video speeds.  The tick () indicates the video was judged to be 






4.2.2.3 Preparation of the expert panel  
Prior to participating in the Bookmark procedure, each panel member was prepared in 
three distinct steps.  Initially, the principle investigator outlined the objective of the 
Bookmark method to the participants.  The definition of ‘acceptable’ and 
‘unacceptable’ were presented and discussed by the group.  It was stressed that 
defining a video as acceptable or unacceptable must be relevant to an operational 
scenario that has been classified as a high priority.  The military use a standardised 
classification system to prioritise operational scenarios, the scale describes the urgency 
and therefore work rate at which a task should be completed.  All participants were 
familiar with the scale used to prioritise operational scenarios.  The principle 
investigator facilitated a discussion focussed upon highlighting potential high priority 
scenarios.  The definitions agreed upon by the groups were as follows:  
 
Acceptable: performed at a safe work-rate that does not endanger the individual or 
fellow RAAF personnel.  Efficient and effective and does not require intervention from 
training staff. 
 
Unacceptable: performed in an unsafe manner likely to jeopardise the safety of the 
individual or fellow RAAF personnel.  Not effective and requires intervention from 
training staff.  
 
4.2.2.4 Completion of the task simulations 
The purpose of this phase was to measure the actual work rate that experiential experts 
performed the tasks.  Additionally, this phase aimed to familiarise the panel members 
with the task simulation for which the videoed work samples were developed.  
Familiarisation of the task simulation was particularly important for the control point 
task as the simulation was an individually based replication of a group-based task and 
therefore novel to the participants.  Each participant was asked to complete the 
relevant simulation at a work rate they would deem acceptable in a high priority 
situation.  Immediately prior to the completion of the task simulation the agreed 
definition of acceptable and unacceptable was communicated to the subject.  It was 
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emphasised that there was no right or wrong work rate.  The time taken to complete 
the simulation was recorded along with a rating of perceived exertion. 
 
4.2.2.5 Application of the Bookmark procedure 
Upon completion of the task simulation, the panel members were seated in a meeting 
room with a data projector and screen.  Each member was given a sheet of paper to 
record their responses.  A PowerPoint presentation was delivered to the panel 
members by the principle investigator to recap the purpose of the activity, the 
definition of acceptable and unacceptable task performance, and how to complete the 
response sheet.  It was emphasised that all opinions were valid and would be treated 
equally regardless of rank within the RAAF.  The group were asked to work 
independently and to keep their opinions to themselves whilst the work samples were 
being played.  Finally, the fastest video speed was shown to the group to ensure all 
group members agreed the speed was acceptable.  Following the PowerPoint 
presentation the Bookmark procedure was performed and involved the completion of 
three rounds: 
 
Round 1: The videos were played in order from slowest to fastest.  Each video of the 
access control point test was played in its entirety.  However, due to the repetitive 
nature of the cargo pallet task, participants watched only 1 min 30s of each video.  The 
panel members were asked to record on the response sheet either a yes or no on the 
acceptability of the work rate they were currently watching and encouraged to provide 
a written justification in the adjacent comments box next to their response.  On 
completion of viewing all the video speeds, response sheets were collected, with the 
results analysed.  The panel members were provided a group-based frequency 
histogram of the panel response to each video speed before participating in a group-
based discussion to justify their placement of the Bookmark.  
 
Round 2: Panel members re-watched the videos and had the opportunity to adjust 
their Round 1 responses based upon the group discussion that had occurred at the end 
of Round 1.  As per Round 1, the videos were played from slowest to fastest, however 
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videos deemed acceptable or unacceptable by all panel members were not re-played to 
the group.  Following completion of the viewing, the panel members engaged in 
another group discussion.  Panel members were again asked to justify their responses.  
Lastly, the panel members were given the opportunity to re-watch any videos. 
 
Round 3:  The purpose of Round 3 was to investigate whether randomisation of the 
video order would influence the perception of the expert panel.  The group was 
reminded to keep all opinions to themselves whilst the videos were being played.  The 
video order was randomised and each video played to the panel members.  On a new 
response sheet the panel members were again asked to judge the work rate as acceptable 
or unacceptable.   
 
4.3.3 THE VALIDATION OF PREDICTIVE TESTS FOR A SIMPLE AND COMPLEX CRITERION TASK.  
The present phase of the investigation aimed to explore the validity of a wide-range of 
predictive tests to assess performance on a simple and complex criterion task.  The 
relationship between predictive test performance and simulation test performance, 
along with the sensitivity and specificity of each test was focused upon.  The phase was 
conducted in two parts, the first with an unskilled cohort and the second with a skilled 
cohort. 
 
4.3.3.1 The validation of predictive tests for an unskilled cohort  
The objectives of this investigation were met by administering a battery of physical 
tests to participants at the University of Wollongong.  The physical test battery 
included two simulation tests, a task-related predictive test, and three generic 
cardiorespiratory tests.  Testing was conducted over a 6-month period at the 
University of Wollongong. 
 
4.3.3.1.1 Study design 
The testing order for the participants was determined using a balanced Latin square 
design.  Rows were assigned to participants and numbers were assigned to the 
different tests.  In this case there were 27 rows (27 participants) and 7 columns (7 tests).  
Page 75 
The following formula was used to determine the order of the first row; 1, 2, (n), 3, (n-
1), 4, (n-2) where n = 7 (number of tests).  To complete the Latin square the next rows 
were filled with the proceeding integer (Table 4.2).  This meant that each test was 
evenly distributed throughout the testing protocol.   
 
 
Table 4.2:  Latin square allocation of test order 
1 2 7 3 6 4 5 
2 3 1 4 7 5 6 
3 4 2 5 1 6 7 
4 5 3 6 2 7 1 
5 6 4 7 3 1 2 
6 7 5 1 4 2 3 
7 1 6 2 5 3 4 
Note: Number key - 1- access control point simulation, 2 - loading/unloading of pallet 
simulation, 3 - task-related predictive test, 4 - unloaded 12-min run test, 5 - loaded 12-min run 




Four familiarisation trials were required for each participant.  The familiarisation trials 
introduced the participants to the testing equipment and testing procedures.  Specific 
focus was given to the simulation tests to reduce the learning effect and resultant 
performance improvement reported by other simulation tests (Boyd et al., 2014).  The 
method of best practice was described to each participant to ensure a standardised 
method of completion.  The method of best practice was determined using video 
footage of the task and through discussions with RAAF incumbents.  Demographic 
data including age, height, and mass was also collected during the familiarisation 
trials.   
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The details of each familiarisation trial are described below:  
 Trial 1: Each participant was introduced to the simulation test of loading a RAAF 
cargo pallet and completed 1 pack and unpack cycle of the pallet at an easy tempo.  
The participants also completed a 5-min ride on the cycle ergometer at a self-
determined moderate intensity. 
 Trial 2: Each participant was introduced to the access control point simulation test 
and completed one trial at an easy tempo.  Additionally, the weighted vest (20 kg) 
was fitted and each participant completed one lap of the oval (430m). 
 Trial 3: A portable metabolic device (Metamax) and oro-nasal mask was fitted to 
each participant for familiarisation.  Each participant then completed one load and 
unload cycle of the pallet at maximal speed i.e. ⅓ of the total test requirements (see 
section 4.4.3.1.4).     
 Trial 4: The Metamax device and mouthpiece was again fitted and each participant 
completed 1 repetition of the access control point simulation test at maximal speed 
i.e. ½ of the total test requirements (see section 4.4.3.1.3). 
 
4.3.3.1.2 Participants  
Twenty-seven healthy recreationally active participants (21 males, 6 females, age 22.6 
SD 3.52 y) with a wide range of fitness levels and anthropometrical characteristics were 
recruited from the University of Wollongong.  The participants were selected because 
they had no prior experience of the criterion tasks and therefore could be defined as 
unskilled (Unskilled Cohort).  Prior to participating in the study all participants 
completed a medical screening questionnaire, physical activity questionnaire and 
provided voluntary written consent.   
 
4.3.3.1.3 Simulation test - establishing an access control point 
The simulation test for establishing an access control point was developed by 
incumbents of the Air Force Security and Airfield Defence Guard employment 
categories within the RAAF.  All incumbents were experienced at the task of 
establishing an access control point.  Based upon feedback from experiential experts, 
the simulation test possessed strong content validity. 
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The simulation test involved multiple different sub-tasks (Figure 4.3) performed 
outdoors on a flat grassed area in a circuit-based format.  Personal protective 
equipment including gloves and enclosed shoes were worn throughout the test.  The 
initial stage of the test involved six repetitions of a 25-metre shuttle run.  The shuttle 
runs represented a typical scenario whereby the manual transport of items was 
required from a vehicle to the access control point site.  The first shuttle was completed 
carrying a 24 kg bag.  The mass of the bag was half the mass of a military tent (48 kg) 
due to the tent being a two person lift and carry.  Following the bag carry, the 
subsequent three shuttle runs were completed unloaded.  The final two shuttle runs 
were completed whilst carrying a post driver (5.8 kg).  Upon completion of the final 
shuttle, the post driver was used to insert three star pickets into the ground.  Three 
maximal hits were required on each star picket.  The pickets were loosely placed in 
ground prior to the beginning of the test.  The next stage of the test involved the 
assembly of a segment of the tent structure.  The segment required seven tent poles to 
be connected, using connection pieces, in a figure eight formation.  Following the 
construction of the tent base, a compulsory one-minute rest period was enforced.  The 
rest period was included based upon recommendations of experiential experts that 
indicated periods of rest were common during the task whilst waiting upon other 
group members.  The one-minute rest period was deemed appropriate for a high-
priority situation.  The penultimate requirement of the test was a five metre drag of a 
weighted tarpaulin.  The tarpaulin drag replicated the task of pulling the tent canvas 
over the frame.  The canvas drag was characterised as a three-person task and 
consequently the tarpaulin was weighted with chains to represent 1/3 of the mass of 
the tent canvas (tent canvas = 33 kg, tarpaulin = 11 kg).  The final requirement of the 
test was the insertion of 3 tent pegs using a mallet.  Ten hits of each peg were required.  




Prior to the test participants were given a standardised operational scenario via the 
following verbal instructions.  
 
“As a member of the Air Force, you have been deployed to a war-torn country.  After landing 
you have been instructed to construct a military tent and establish a perimeter around the tent.  
It is an emergency situation and therefore this task needs to be completed as quickly as possible.  
Running is allowed during the task.  Correct lifting techniques must be maintained” 
 
Figure 4.3: Requirements of the control point simulation test.   (1) 1 x 25 m shuttle 
run with bag (24 kg), (2) 3 x 25m shuttle run, (3) 2 x 25 m shuttle run with 
post driver (5.8 kg), (4) insertion of 3 star pickets using the post driver - 3 
maximal hits on each picket, (5) assemble part of the tent base structure, (6) 
1 min rest, (7) drag tent canvas 5 m, (8), insert 10 tent pegs - 10 hits on each 
peg.  The circuit was required to be completed twice.  Test performance 




4.3.3.1.4 Simulation test - loading a RAAF cargo pallet 
The requirements of loading a RAAF cargo pallet were established via consultation 
with incumbents of the Air Movements employment category within the RAAF.  The 
incumbents developed a simulation test that replicated a typical operational scenario.  
The test was designed in an aircraft hangar using a standard RAAF cargo pallet (335 x 
335 x 10 cm).  Typical RAAF items were placed around the pallet including jerry cans, 
ammunition boxes, cargo trunks, and mesh bags filled with miscellaneous items.  The 
mass of the items ranged from 15 kg to 23 kg.   
 
Minor modifications were made to the simulation test to enable the test to be 
performed at the university.  Firstly, the size of the pallet used at the university (116 x 
116 x 8 cm) was smaller in comparison to the standard RAAF cargo pallet (224 x 274 x 6 
cm).  Consequently, the number of items was reduced from 36 items to 12 items.  The 
number of lifts required to perform the task, along with the average item mass did not 
change between the simulation performed on the RAAF base and that performed at the 
university. To maintain the number of lifts performed during the actual task of loading 
and unloading a RAAF cargo pallet, the university test involved three repetitions of 
loading and unloading the pallet.  A concerted effort was made to maintain the 
dimensions of the items, height of the lifts, and average mass of the items.   
 
The specific requirements for the simulation test of loading a RAAF cargo pallet 
involved the items (Table 4.3) to be lifted, carried 5 metres, and stacked onto a timber 
pallet in a standardised order (Figure 4.4).  Once all items were loaded onto the pallet 
in the prescribed position, each item was then lifted, carried, and returned to the 
starting position in a standardised reverse order.  The starting position of the items on 
the ground and the final position of items on the pallet were identical for each 
participant.  Participants were required to lift each item individually except for two 
lifts; a single bilateral lift of two jerry cans (one in each hand) and a 2-person lift (a 
researcher assisted lift) of a large trunk.  All carriages were performed walking.  
Running was not permitted as it is not specified as an occupational requirement.  
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Lifting technique was instructed to each participant to minimise injury risk.  The 
technique focused upon neutral spine throughout the lifting phase. 
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Table 4.3: The items used for the simulation test of loading and unloading a RAAF 
cargo pallet. 
Item description Quantity Person (N) Mass (kg) Dimensions (cm) 
Large green trunk 1 2 16.5 111x56x37 
Small green trunk 2 1 20 55x55x45 
Rations box 2 1 18.5 38x32x35 
Generic blue box  1 1 23 38x38x38 
Jerry cans 4 1 18 35x18x48 
Garbage bag  1 1 18.8 - 




Prior to the test each participant was given a standardised operational scenario; 
 
“As a member of the Air Force, you have been instructed to load and unload an Air 
Force pallet for an awaiting aircraft.  It is an emergency situation and therefore the 
turnaround time of the pallet is critical.  You are required to complete this task as 
quickly as possible.  Running is prohibited and correct lifting techniques must be used at 





Figure 4.4: Requirements of the cargo pallet simulation test.  Picture 1: Starting 
position of the items. Picture 2: The carriage of a small green trunk.  Picture 
3: The carriage of a large green trunk with assistant.  Picture 4: Picking up a 
rations box.  Picture 5: The placement of the generic blue box on the pallet.  
Picture 6: The carriage of the generic blue box.  Picture 7: The carriage of 
the jerry cans.  Picture 8: The final pallet loaded with items  
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4.3.3.1.5 Task-related predictive test – establishing an access control point 
RAAF incumbents with experience in establishing an access control point were 
consulted to develop a task-related predictive test.  The incumbents were informed to 
develop a test based upon the characteristics of the task without replicating the specific 
job roles.  The group discussed the broad characteristics of the task which included 
lifting and carrying an external load, and dragging a mass.  However, numerous skill-
based sub-tasks, such as the construction of the tent base and the insertion of tent pegs, 
could not be incorporated into a task-related predictive test without including the 
actual tasks.  The group of RAAF incumbents, along with the research team, concluded 
that due to the skill aspect of establishing an access control point the development of a 
task-related predictive test was not plausible.   
 
4.3.3.1.6 Task-related predictive test – loading a RAAF cargo pallet 
Loading a RAAF cargo pallet was characterised by the research team as a repetitive lift 
and carry task.  A task-related predictive test was designed to replicate the key 
physical demands of the task whilst being easy to administer, short in duration, and 
involve minimal equipment.  The test requirements were as follows: walk three metres, 
lift and carry a 20 kg box four metres, place the box in a designated area, walk another 
three metres, turn around a cone and start the sequence in the opposite direction 
(Figure 4.5).  One lap was recorded each time the participant returned the starting 
position.  The sequence was repeated continuously throughout the test with the aim to 
complete 25 laps as quick as possible.  The mass of the box, along with the number of 
lifts matched the requirements of the task simulation developed by RAAF incumbents.  
Running was prohibited during the test because it was not an operational requirement.  
Failure to maintain correct lifting technique resulted in test termination.  The 
participants were instructed to finish the lifting phase before starting to walk. 
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Figure 4.5: Requirements of the task-related predictive test; (1) starting position, (2) 
pick up the box (20 kg) from the designated area and carry the box to the 
next designated area (3) drop the box and walk to the next cone (4) walk 
around the cone (1 lap).  The test is measured by the time taken to complete 
50 laps.  
 
 
4.3.3.1.7 Generic predictive test - unloaded 12-min run test  
The 12-min run test is a well-established predictor of relative ?̇?O2peak (Cooper, 1968).  
The test required continuous running or walking (if needed) around a flat oval (Figure 
4.6).  Performance on the test iwa measured by the total distance covered in 12 
minutes.  In the present study, cones were placed around the perimeter of an oval to 
ensure a standardised lap distance of 432 metres.  The lawn was mowed weekly to 
maintain a consistent surface.  Participants were given the following instructions “The 
aim of the test is to cover as much distance as possible in 12 minutes.  We are looking for a 
maximal effort”.  Participants were informed of the time remaining at the completion of 
each lap and also when there was 1 min, 30 s, and 10 s remaining.  The distance of the 
final uncompleted lap was measured using a trundle wheel.   
 
4.3.3.1.8 Generic predictive test - loaded 12-min run test  
Loaded run tests have been advocated to remove the body mass bias associated with 
unloaded running tests (Vanderburgh & Flanagan, 2000).  The loaded 12-min run test 
followed the same protocol as the unloaded 12-min run test however participants were 
fitted with a weighted vest of 20 kg (Figure 4.6).  The mass of the vest was evenly 
distributed on the anterior and posterior aspect of the torso.  Participants were 
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instructed to adopt the most comfortable running technique during the test which 
commonly involved holding the vest whilst running.  
 
4.3.3.1.9 Generic predictive test – 12-min cycle test   
The 12-min cycle test has been validated as an accurate predictor of relative ?̇?O2peak 
(Vanderburgh, 1995).  The test has been implemented within the United States Air 
Force (Pollock et al., 1994).  The test protocol required 12 minutes of continuous cycling 
with performance measured as the average power output (watts) during the 12 
minutes.  A Wattbike cycle ergometer (Wattbike, United Kingdom) was used to 
perform the test (Figure 4.6).  Initially, participants were fitted to the cycle ergometer to 
allow 5 degrees of knee flexion at the bottom of the pedal stroke.  Participants were 
given the following instructions “The aim of the test is to cover as much distance as possible 
in 12 minutes.  We are looking for a maximal effort”.  The test began with the magnetic 
resistance set to 1/10 and the air resistance set to 3/10.  Participants were permitted to 
adjust the air resistance setting throughout the test to avoid the limitations associated 




Figure 4.6: The generic predictive tests: (1) 12-min run test, (2) Loaded 12-min run test, 
(3) Cycle test. 
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4.3.3.1.10 Peak aerobic power (?̇?O2peak) 
All participants completed an incremental treadmill test to volitional fatigue (Figure 
4.7).  The protocol involved 3 minutes of walking at 5 km·hr¯¹.  The treadmill then 
increased to a comfortable running speed as selected by the participant.  From this 
point the treadmill gradient increased by 1% each minute until volitional fatigue 





Figure 4.7: A subject completing the V̇O2peak test on a treadmill. 
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4.3.3.2 The validation of predictive tests for a skilled cohort  
The primary objective of this part of the investigation was to establish the validity of a 
range of predictive tests for personnel with prior experience of the criterion tasks.  The 
aims were met by administering a battery of physical tests to incumbents within the 
RAAF (Skilled Cohort).   
 
4.3.3.2.1 Participants  
Thirty RAAF incumbents (25 males, 5 females, age 30.1 SD 8.1 y) were recruited from 
the RAAF Base Amberley, QLD, Australia.  Each participant provided written 
informed consent prior to testing and all testing was conducted according to the 
NHMRC Statement on Human Experimentation (NHMRC, 2007).   
 
4.3.3.2.2 Testing protocol 
The results obtained from the Unskilled Cohort were used to select the tests for the 
Skilled Cohort.  The 12-min run and loaded 12-min run tests possessed the weakest 
relationships with simulation test performance and were subsequently removed from 
the revalidation testing protocol (see results section 4.5.2.2).  The V̇O2peak test was also 
removed from the protocol due to the transportation of equipment being unfeasible.  
Each of the other tests were conducted using the same testing protocol as adopted on 
the Unskilled Cohort.  The only exception regarded the task-related test whereby the 
size of the box was reduced from 55x55x45 cm to 38x38x38 cm.  The smaller box was 
used for the Skilled Cohort to enable a more efficient lifting technique and avoid the 
lower back pain that numerous participants within the Unskilled Cohort experienced 
during the test.   
 
Two additional tests were added to the protocol; the multi-stage shuttle run, and the 
2.4 km run.  Both these tests are currently included in the RAAF testing protocol and 
therefore their inclusion allowed direct comparison between potential tests and those 
already implemented.  The requirements of the multi-stage shuttle run and 2.4 km run 
were as follows; 
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Multi-stage shuttle run test: The multi-stage shuttle run was conducted in an indoor 
gymnasium using a 20 – metre marked area (Ramsbottom et al., 1988).  The participants 
continually ran between two-parallel lines set 20 m apart.  The speed started at 8.5 
km·h-1 and increased by 0.5 km·h-1 at each level.  The test was terminated at volitional 
fatigue which was signified by the inability to successfully compete two consecutive 
shuttles.  The participants were instructed to give a maximal effort.  Verbal 
encouragement was provided throughout the test to elicit a maximal effort.  
 
2.4 km run test: The 2.4 km run test was conducted on a 400m outdoor running track.  
The participants were instructed to complete six laps of the track at their fastest speed.  
The participants completed the test in groups of 10 with five participants starting on 
either side of the track.  The participants were instructed to give a maximal effort. 
 
4.3.3.3 Testing conditions 
Testing of university-based participants occurred over a 6-month period at the 
University of Wollongong.  Laboratory-based tests were conducted in the Human 
Physiology laboratories and field-based tests were conducted on an oval at the grounds 
of the University of Wollongong.  The environmental conditions for the laboratory-
based tests were standardised (21 - 22° Celsius, 40 - 50% humidity).  Extreme 
temperatures were avoided for the field-based tests with 28 degrees being the cut limit.  
Wet weather also resulted in the field-based tests being postponed.  A minimum of 48 
hours rest between tests was ensured to permit a maximal effort.  All participants 
completed a five-minute warm-up involving either light intensity cycle ergometry 
(indoor tests), or slow running (outdoor tests).   
 
Testing on the RAAF participants was conducted at the RAAF Base Amberley, 
Ipswich, Australia.  All tests were performed in an indoor gymnasium except the 
access control point simulation and 2.4 km run which were conducted on a flat grassed 
area and a 400 m running track respectively.  Wet weather and extreme temperatures 
of above 30 degrees resulted in the testing session being postponed.  A group-based 
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warm-up was conducted prior to each testing day.  The warm-up involved dynamic 
movements of the muscle groups relevant to the test, along with slow jogging.  
 
4.3.3.4 Physiological and psychophysical data collection 
During both phases, oxygen consumption was measured using a portable expired gas 
analysis device (Metamax 3B, Cortex, Germany).  Each Metamax (Figure 4.8) was 
calibrated prior to each day of data collection using known concentrations of 
physiologically relevant alpha standard gas and a standardized 3-litre syringe.  
Furthermore, volume calibrations were also performed immediately prior to the 
conduct of each test during a data collection day.  Expired air samples during the 
V̇O2peak test were collected continuously and averaged over a 15-s period to determine 
peak oxygen consumption (ParvoMedics Inc. TrueOne 2400, U.S.). The TrueOne 
oxygen analysis system was the preferred method of collecting expired gas during the 
V̇O2peak test as this system is considered a gold standard measure of oxygen 
consumption (Crouter, 2003).  For the tests that required a portable physiological 
measuring device the Metamax 3B gas analysis system was used. 
 
Cardiac frequency was measured continuously throughout all tests via telemetry using 
a transmitter and receiver (Polar-Electro, Finland).  Immediately following each test a 
rating of perceived exertion was given using the Borg Rating of Perceived Exertion 
scale (Borg, 1982).  The participants were asked the following standardised question; 
“On the scale of 6 to 20, how hard were you exercising during the test?” 
 
4.4.4 TEST RELIABILITY  
Twelve participants were recruited from the University of Wollongong (9 males, 3 
female, age 22.4 SD 1.4 y).  The reliability of the tests involved in both the university-
based phase and RAAF-based phase was assessed.  Therefore, the testing protocol 
included the control point and cargo pallet simulation tests, along with task-related test 
and the 12-min cycle test.  Each participant was randomly designated two tests of 
which they completed three trials.  Therefore, each test was completed by six 
participants (N = 6) on three separate occasions.  On each test occasion the participants 
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were asked to give a maximal effort.  All trials were separated by a minimum of 48 
hours to ensure recovery from the previous test and therefore permit a maximal effort.   
 
 
Figure 4.8: The Metamax 3B systems used during the tests to measure oxygen 
consumption. Picture 1; the outer turbine casing and connector cord.  
Picture 2; the turbine to measure expired volumes.  Picture 3; the 
Metamax unit encasing the electro chemical cell (to measured expired 
oxygen) and infra-red capsule (to measure carbon dioxide 
concentrations).  Picture 4; the Metamax unit encasing the internal 
battery.   
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4.4.5 STATISTICAL ANALYSIS 
Descriptive statistics were used to evaluate task completion times and Rounds 1, 2, and 
3 of the Bookmark methodology.  The minimum performance standard was taken as 
the mean response of the expert panel during Round 2 of the Bookmark method for the 
respective criterion task.  The minimum performance standard was compared with the 
task completion times to determine the number of panel members performing the task 
above (considered a pass) and below (considered a fail) the minimum acceptable 
standard.  Additionally, the responses of the expert panel from Round 2 were 
compared with the responses from the randomisation of work samples trial using a 
paired t-test.  
 
Descriptive statistics (mean and standard deviation) were calculated for the 
physiological data (oxygen consumption and cardiac frequency) collected during 
Phase 2 of the investigation.  The peak cardiorespiratory values for each test were 
determined using the highest value over a 30 s period for oxygen consumption and 
cardiac frequency.  A repeated measures ANOVA was used to establish significant (p < 
0.05) differences in the physiological demand between the control point simulation test 
and each predictive, and also between the cargo pallet simulation test and each 
predictive test.  Least squares, best-fit linear regression analyses were used to derive 
prediction equations for simulation test performance from predictive test performance.  
Coefficients of determination were interpreted to be strong when r2 ≥ 0.45, moderate 
when 0.12 < r2 < 0.45, and weak when r2 ≤ 0.12.  Interpretation of the strength of the 
relationship followed that outlined by Taylor (1990), and applied more recently in 
physical employment standards literature  (Beck et al., 2015; Milligan et al., 2016b).  The 
predictive test cut-off scores were established by inserting the minimum performance 
standard (Round 2 of the Bookmark method) into each prediction equation.  The 
corresponding predictive test score was taken as the cut-off score.   
 
Sensitivity and specificity analyses of the cut-score used the k-fold method as 
advocated by Middleton et. al. (2017) and Beck et al. (2016).  The k-fold method 
involved splitting the test performance data into 10 (k = 10) subsets (Figure 4.9).  One of 
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the subsets was then removed with the remaining nine subsets used to develop a 
regression equation.  This regression equation was then used for sensitivity and 
specificity analysis of the removed subset.  The process was repeated 10 times to allow 
the sensitivity and specificity of each subset to be determined.  The intercepts, slopes, 
and coefficients of determination of the 10 regression lines were averaged to establish 
the final regression line.  
 
The coefficient of variation was calculated for each individual using the results from 3 
trials of a specific test.  The formula used was CV = σ/μ * 100, where σ represents 
standard deviation and μ represents the mean.  The coefficients of variation for each 
participant were then averaged to identify the mean coefficient of variation for each 
test.  This approach allowed an unbiased comparison of variability between tests 
measured in different units (Hopkins, 2000), for example, the 12-min cycle test 
measured in watts and the task-related predictive measured in time.  Interpretation of 
the coefficient followed that outlined by athlete testing literature (Currell & 
Jeukendrup, 2008) and indeed implemented within physical employment test 
reliability studies (Boyd et al., 2014).  These guidelines define 5% as the maximum 
acceptable coefficient of variation.  The learning effect was assessed using a one-way 
repeated measures analysis of variance with a post-hoc Tukey’s test used to identify 
between which trials the significance occurred.   
 
All statistical analyses were performed using Graphpad Prism Ver 6 (La Jolla 
California USA) with alpha set at the 0.05 level for all comparisons.  All values are 




Figure 4.9: The k-fold analysis method for determining the sensitivity and specificity 
of a predictive test.  Graph A presents a data set (hypothetical) with one 
subset of data highlighted (red data points) for removal during the k-fold 
analysis.  Graph B shows the regression line developed by the remaining 
data, along with the minimum performance standard on the simulation test 
(vertical broken line) and predictive test (horizontal broken line).  Graph C 
represents the inclusion of the subset for sensitivity and specificity analysis.  
The process was repeated 10 times.    
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4.5  RESULTS 
4.5.1 DETERMINATION OF MINIMUM ACCEPTABLE STANDARDS OF PERFORMANCE:  THE 
BOOKMARK METHOD 
The Bookmark method was used to establish a minimum performance standard for 
both the control point simulation test the cargo pallet simulation test.  The established 
performance standards were compared with task simulation completion times.  
Additionally, the influence of a randomised video order on the determination of a 
minimum performance standard was investigated. 
 
Control point simulation test:  
One panel member was unable to perform the simulation due to a pre-existing 
musculoskeletal injury; therefore 14 participants completed the simulation.  On 
average, the experts took 9 minutes and 32 s (SD 1.2 mins) to complete the access 
control point simulation (Table 4.4).  Of the five videos presented during the first 
round (Round 1) of the Bookmark method, the panel members selected a minimum 
acceptable task duration ranging from 7 mins (1 respondent) to 10 mins (9 
respondents) with the slower speed being the most popular speed selected among 
respondents (Figure 4.10).  The second most popular task duration during Round 1 
was 9 mins (5 respondents).  When all panel members’ responses were averaged, the 
minimum acceptable task duration of Round 1 was 9 min 32 s (SD 0.57 mins).  A 
second round of selection (Round 2) revealed unanimity between judges with two task 
durations selected as minimally acceptable which included 10 mins (12 respondents) 
and 9 mins (3 respondents).  The minimum acceptable task duration of Round 2 was 
established as 9 mins 48 s (SD 0.40 mins) which corresponded to 16 sec slower than the 
minimum standard established during Round 1.  The minimum standard of 9 min 48 s 
was 15 s slower than the mean completion time of the task simulation.  Of the 14 panel 
members that completed the task simulation, 6 members performed the task at a speed 
slower than the minimum acceptable standard. 
 
Following Round 2 of the Bookmark method, the videos were randomised.  Of the 15 
panel members, two members changed their response when the video order was 
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randomised.  One panel member selected a faster video speed than during Round 2 
whilst one panel member selected a slower video speed.  The final result was that 
randomisation of the video order resulted in no change to the minimum performance 
standard established during Round 2 of the Bookmark method (9 mins 48 s). 
 
Loading a RAAF cargo pallet task:   
The first round (Round 1) of the Bookmark method established a minimum acceptable 
standard of 10 minutes 2 s (SD 0.90 mins).  The most popular response of Round 1 was 
9 minutes and 45 s (7 respondents), followed by 11 minutes and 15 s (3 respondents), 
and 8 minutes 15 s (1 respondent).  The second round of selection (Round 2) 
established a minimum acceptable standard of 9 minutes and 28 s (SD 0.62 mins) which 
was 34 s faster than that determined in Round 1.  As observed in the control point task, 
there was greater inter-judge agreement in Round 2 compared to Round 1.  In Round 2, 
9 of the 11 panel members selected 9 minutes and 45 s as the minimum acceptable 
standard whilst 2 members selected 8 minutes 15 s as the minimum acceptable 
standard.   
 
Prior to viewing any of the work samples each panel member performed a simulation 
of loading a RAAF cargo pallet.  The mean task completion time was 10 mins 20 s (SD 
1.42 mins) which was 52 s slower than the minimum acceptable standard established in 
Round 2 of the Bookmark method (Table 4.4).  Eight of the 11 panel members 
completed the simulation test at a speed that was slower than the minimum acceptable 
standard.  
 
Randomisation of the video order resulted in a 17 s increase in the minimum 
performance standard that was established in Round 2 of the Bookmark procedure 
(Table 4.4).  Four of the 11 panel members changed their responses; 3 members 
changed from 9 mins and 45 s to 11 mins 15s, whilst 1 member changed from 9 mins 45 





Table 4.4: The Bookmark method; the influence of work sample randomisation and a 
comparison with task completion times 
Note: timings are represented as min:sec ± standard deviation 
  
 Access control point  Cargo pallet 
Minimum performance standard (min:sec)   
 Round 1 9:32 ± 0:34 10:02 ± 0:54 
 Round 2 9:48 ± 0:24 9:28 ± 0:37 
Randomisation performance standard (min:sec) 9:48 ± 0:34 9:45 ± 0:10 
Mean task completion time (min:sec) 9:33 ± 1:12 10:20 ± 1:25 
Acceptable completion time (N) 8 3 
Unacceptable completion time (N) 7 8 
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Figure 4.10: A frequency response distribution of the work samples videos selected 
as representing a minimally acceptable work rate.  The control point 
task is represented on the top graph (A) and the cargo pallet task on 
the bottom graph (B).  Responses are presented from Round 1, Round 
2, and the Randomisation round. 
  
Page 98 
4.5.2 DETERMINATION OF THE RELATIONSHIPS BETWEEN SIMULATION TEST PERFORMANCE 
AND PREDICTIVE TEST PERFORMANCE 
The Skilled Cohort was, on average 7.5 years older than the Unskilled Cohort (Table 
4.5).  The mean V̇O2peak of the Skilled Cohort was also reduced compared to the 
Unskilled Cohort (V̇O2peak = 3.98 L∙min-1 and 3.52 L∙min-1 respectively, p < 0.05).  No 
significant differences (p > 0.05) were present in the mass or stature of the two cohorts. 
 
 
Table 4.5: Demographic data for the Unskilled and Skilled Cohorts. 
 Unskilled  Skilled 
Age (y) 22.6 ± 3.52 30.1* ± 8.13 
Mass (kg) 77.3 ± 12.21 81.85 ± 12.07 
Stature (cm) 177 ± 10.33 178 ± 6.57 
V̇O2peak (L∙min-1) 3.98 ± 0.90 3.52* ± 0.76 
V̇O2peak (mL∙kg-1∙min-1) 51.5 ± 7.22 43.0* ± 5.46 
Note: Unskilled Cohort N = 27 (22 male, 5 female), Skilled Cohort N = 30 (25 male, 5 female).  
All data are mean ± standard deviation.  * indicates statistical significance between the two 
cohorts.  V̇O2peak value of the RAAF participants estimated from the results of the 20 m multi-
stage shuttle run  (Ramsbottom et al., 1988) 
 
 
All participants were not able to complete each of the assessments (Table 4.6) because 
of voluntary termination due to exhaustion (N = 2), unforeseen work-related duties (N 
= 3), and illness (n = 8).  Additionally, two participants within the Unskilled Cohort 
failed to complete the task-related test due to poor lifting technique which was deemed 
by the primary researcher as posing a genuine risk of injury.  No significant differences 
were observed between the performance times of the Unskilled Cohort and Skilled 
Cohort with the exception of the task-related test (p = 0.000).  However, when 
interpreting the results of the task-related test, the different sized box used for the two 
cohorts must be considered. 
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Table 4.6: The test performance results from the Unskilled and Skilled Cohort. 
 Unskilled  Skilled  
 N Result N Result 
Simulation tests:     
Cargo pallet (mins) 26 9.64 ± 1.36 30 9.34 ± 0.87 
Control point (mins) 25 7.58 ± 0.85 29 7.43 ± 0.43 
Predictive tests:     
12-min cycle (watts) 26 223 ± 49.4 30 208 ± 31.25 
Task-related test (mins) 24 8.25 ± 1.37 30 6.97* ± 0.77 
12-min run (metres) 27 2540 ± 340 - - 
Loaded 12-min run (metres) 24 2108 ± 269 - - 
Multi-stage shuttle run (level) - - 29 8.8 ± 1.55 
2.4 km run (min) - - 27 11.38 ± 1.18 
Note: Result values are presented as group means ± standard deviation.  * indicates statistical 
significance between the two cohorts.  The size of the box used in the task-related test was 
reduced for the Skilled Cohort, however the mass remained the same. 
 
 
4.5.2.1 Cardiorespiratory demands 
Within both the Skilled Cohort and Unskilled Cohort, all tests elicited mean oxygen 
consumption values above 2.5 L·min-1 and mean cardiac frequency values above 155 
b·min-1 (Table 4.7).  The mean percentage of maximal oxygen consumption was above 
65% for all tests whilst the mean rating of perceived exertion of each test was above 15, 
which correspond to hard on the 15-pt Borg scale.   
 
Within the Unskilled Cohort, the cargo pallet simulation test elicited lower oxygen 
consumption (p = 0.001), cardiac frequency (p = 0.000), and RPE values (p = 0.000) than 
those recorded for the 12-min run test.  In contrast, the oxygen consumption values 
obtained during the cycle test, task-related and loaded 12-min run tests were not 
significantly (p > 0.05) different to the cargo pallet simulation test.  Within the Skilled 
Cohort there were no significant (p > 0.05) differences between the quantified demands 
of the cargo pallet simulation test and any of the predictive tests.  
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Within the Unskilled Cohort, oxygen consumption during the control point simulation 
test was significantly lower than that measured during the task-related (p = 0.003), 12-
min run (p = 0.001), and loaded 12-min run (p = 0.006) tests.  With the exception of the 
task-related test, the ratings of perceived exertion values of the control point 
simulation test were significantly lower in each of the predictive tests performed by the 
Unskilled Cohort (cycle test: p = 0.000, 12-min run: p = 0.000, loaded 12-min run: p = 
0.000).  Within the Skilled Cohort, the control point simulation test elicited significantly 
lower oxygen consumption than the task-related test (p = 0.001).  Despite the lower 
oxygen consumption, the ratings of perceived exertion of the control point simulation 
test were significantly higher than both the task-related (p = 0.000) and cycle test (p = 
0.001).   
 
Whilst the mean cardiorespiratory demands of the control point simulation test were 
relatively low compared to the other predictive tests, the peak oxygen consumption 
values of the control point simulation test showed no significant difference (p > 0.05) 
with any predictive test (Table 4.8).  Similarly, no significant differences (p > 0.05) in 
peak oxygen consumption were observed between the cargo pallet simulation test and 
any of the predictive tests.  In contrast the peak oxygen consumption values, the peak 
cardiac frequency values were significantly lower than measured during the 12-min 
run and loaded 12-min run test (p = 0.000 for all comparisons). 
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Table 4.7: The mean cardiorespiratory demand and rating of perceived exertion elicited for the completion of each test. 
   V̇O2 (L·min-1)  %V̇O2max  Cardiac frequency (b·min-1) RPE 
Test Unskilled Skilled Unskilled Skilled Unskilled Skilled Unskilled Skilled 
Simulation tests         
 Cargo pallet 3.06 ± 0.72  2.88 ± 0.36  75.82 ± 7.53 83.48 ± 9.74 164 ± 13.53 164 ± 11.15 15.4 ± 2.01 15.4 ± 2.23 
 Control point 2.65 ± 0.70 2.64 ± 0.49 65.30 ± 8.85 76.64 ± 8.38 155 ± 13.09 159 ± 13.88 15.2 ± 2.05 18.1* ± 1.48 
Predictive tests         
 12-min cycle   2.96 ± 0.78 2.90 ± 0.47 72.08 ± 7.51 82.30 ± 8.78 165 ± 11.51 168‡ ± 11.48  17.8†‡ ± 1.12 16.8‡ ± 2.04 
 Task-related  3.18‡ ± 0.66 3.05‡ ± 0.51 76.51‡  ± 6.61 87.09‡ ± 10.74 165 ± 12.33 165 ± 10.86 15.8 ± 1.73 16.0‡ ± 2.13 
 12-min run  3.60†‡ ± 0.73 - 83.62†‡ ± 8.99 - 178†‡ ± 9.86 - 17.9†‡ ± 1.04 - 
 Loaded 12-min run  3.31‡ ± 0.86 - 79.10‡ ± 9.99 - 174‡ ± 17.81 - 17.7†‡ ± 1.53 - 
Note: All data are presented as mean ± standard deviation. † denotes statistical significance (p < 0.05) between the pallet simulation and a predictive test.   
‡denotes statistical significance (p < 0.05) between the control point simulation test and a predictive test.  * denotes statistical significance between the 
Skilled Cohort and the Unskilled Cohort for a specific physiological variable.
Page 102 
Table 4.8: The peak cardiorespiratory response recorded during each test. 
 Peak V̇O2 (L·min-1)  Peak %V̇O2max Peak cardiac frequency (b·min-1) 
Test Unskilled Skilled Unskilled Skilled Unskilled Skilled 
Simulation tests       
Cargo pallet  3.51 ± 0.84 3.31 ± 0.44 90.73 ± 8.76 88.38 ± 9.66 178 ± 13.58 177 ± 10.99 
Control point  3.61 ± 0.90 3.66 ± 0.56 95.14 ± 10.68 98.72 ± 8.57 178 ± 12.01 178 ± 11.74 
Predictive tests       
12-min cycle  3.45 ± 0.92 3.44 ± 0.58 88.17 ± 9.69 91.94 ± 9.37 187 ± 10.18 183 ± 13.32 
Task-related  3.69 ± 0.81 3.52 ± 0.53 91.33 ± 7.41 94.15 ± 8.41 179 ± 11.88 182 ± 12.14 
12-min run  3.75 ± 0.90 - 96.15 ± 12.08 - 192†‡ ± 11.29 - 
Loaded 12-min run 3.70 ± 1.04 - 93.23 ± 12.10 - 190†‡ ± 13.19 - 
Note: All data are presented as mean ± standard deviation.  † denotes statistical significance (p < 0.05) between the pallet simulation and a 
predictive test.  ‡denotes statistical significance (p < 0.05) between the control point simulation test and a predictive test.  * denotes statistical 
significance between the Skilled Cohort and the Unskilled Cohort for a specific physiological variable.
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The relationship between test performance and the amount of oxygen consumed 
during the test (Table 4.9) ranged from moderate to strong (r2 = 0.13 – 0.87).  Whilst a 
weak to strong relationship (r2 = 0.04 – 0.63) was identified between test performance 
and the amount of oxygen consumed per kilogram of body mass.  In relation to the 
simulation tests, performance on the control point simulation test did not have a strong 
correlation with total amount of oxygen consumed during the test for both the 
Unskilled Cohort (r2 = 0.13) and Skilled Cohort (r2 = 0.34).  Performance on the control 
point simulation test was also poorly related to the amount of oxygen consumed per 
kilogram of body mass in the Unskilled Cohort (r2 = 0.04) and moderately correlated in 
the Skilled Cohort (r2 = 0.40).  In contrast, performance on the cargo pallet simulation 
test was strongly related to the total amount of oxygen consumed during test in both 
the Skilled Cohort (r2 = 0.53) and Unskilled Cohort (r2 = 0.69).  However, when oxygen 
consumption was expressed relative to body mass, the relationship with cargo pallet 
simulation test performance decreased in both cohorts (Skilled: r2 = 0.27, Unskilled: r2 = 
0.40).   
 
A similar relationship was established for the cycle test where performance was also 
more strongly related to the total amount of oxygen consumed during the test when 
compared to amount of oxygen consumed per kilogram of body mass (Figure 4.11) in 
both the Skilled Cohort (absolute oxygen consumption: r2 = 0.76, relative oxygen 
consumption: r2 = 0.21) and Unskilled Cohort (absolute oxygen consumption: r2 = 0.87, 
relative oxygen consumption: r2 = 0.58).  In contrast, performance on the 12-min run 
test was more strongly correlated when oxygen consumption was expressed relative to 
body mass (r2 = 0.62) compared to the total amount of oxygen consumed during the 
test (r2 = 0.32). 
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Table 4.9: The relationship between test performance and mean oxygen consumption. 









Simulation tests     
Cargo pallet  0.69  0.40 0.53 0.27 
Control point   0.13  0.04 0.34 0.40 
Predictive tests     
12-min cycle 0.87 0.58 0.76 0.21  
Task-related  0.61 0.42 0.19  0.16  
12-min run  0.32 0.62 - - 
Loaded 12-min run  0.24  0.33 - - 
Note: Values are presented as coefficients of determination (r2) 
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Figure 4.11: The relationship between cycle test performance and mean oxygen 
consumption during the cycle test expressed as an absolute (r2 = 0.87) and 




4.5.2.2 Cargo pallet simulation test 
The coefficient of determination for the predictive tests (Table 4.120) ranged from a 
moderate to strong relationship for the Unskilled Cohort (r2 = 0.44 - 0.72), and a weak to 
strong relationship for the Skilled Cohort (r2 = 0.01 - 0.55).  The 12-min cycle test 
possessed the strongest relationship (r2 = 0.72) with the cargo pallet simulation test for 
the Unskilled Cohort, with the relationship weakening in the Skilled Cohort (r2 = 0.22).  
The task-related predictive test possessed a strong relationship with the simulation test 
in both populations (Unskilled; r2 = 0.67, Skilled; r2 = 0.55).  In contrast, tests involving 
unloaded running, including those currently implemented with the RAAF, were not 
strong predictors of performance on the cargo pallet simulation test within both the 
Skilled Cohort (2.4 km run: r2 = 0.01, multi-stage shuttle run: r2 = 0.12) and Unskilled 
Cohort (12-min run: r2 = 0.44). 
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The task-related predictive test possessed the highest sensitivity in both the Skilled 
Cohort and Unskilled Cohort (93 % and 80 % respectively).  The specificity values were 
similar between tests with values ranging between 67% - 75% for the Unskilled Cohort 
and 70% - 80% for the Skilled Cohort . 
 
Table 4.10 Loading a cargo pallet simulation test: the coefficient of determination (r2), 
sensitivity, and specificity of each predictive test 
 
 
4.5.2.3 Control point simulation test 
Performance on control point simulation test possessed a weak to moderate 
relationship (r2 0.03 – 0.28) with the predictive tests in both the Skilled Cohort and 
Unskilled Cohort (Table 4.11).  The 12-min cycle test possessed the strongest 
relationship with performance on the control point task in both cohorts although the 
relationship was moderate (Unskilled; r2 = 0.28, Skilled; 0.27).  The sensitivity and 
specificity was not calculated because the minimum acceptable standard was such that 
all the participants passed the test (Figure 4.12).  
  r2 Sensitivity 
(%) 
Specificity (%) 
Unskilled 12-min cycle 0.72 79 67 
Task-related  0.67 93 67 
12-min run  0.44 71 75 
Loaded 12-min run  0.44 76 70 
Skilled Cycle test 0.22 60 70 
Task-related  0.55 80 77 
Multi-stage shuttle run 0.12 50 80 
2.4 km run 0.01 59 71 
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Table 4.11:  Establishing an access control point test: the coefficient of determination 







Figure 4.12  The regression analysis for the simulation test of establishing an access 
control point and the 12-min cycle test.  The minimum acceptable 
standard (vertical dotted line) indicates that no participants failed the 
test. 
  
 Test r2 
Unskilled Cycle test 0.28 
12-min run  0.09 
Loaded 12-min run 0.19 
Skilled Cycle test 0.27 
Multi-stage shuttle run 0.16 
 2.4 km run 0.03 
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4.5.3 DETERMINATION OF TEST RELIABILITY  
Of the four tests included for reliability testing (Table 4.12), the control point 
simulation test possessed the lowest coefficient of variation (2.7%) whilst the task-
related test possessed the highest coefficient of variation (5.6%).  With the exception of 
the task-related predictive test, all possessed coefficients of variation below 5%.  
Performance on the control point simulation test improved significantly from trial 1 to 
trial 3 (p = 0.049).  Performance on all other tests did not differ significantly between 




Table 4.12: The performance result of each trial and the coefficient of variation of each 
test. 
 Trial 1 Trial 2 Trial 3 COV 
Simulation tests     
Cargo pallet  11:02 ± 2:06 10:49 ± 2:18 10:41 ± 2:18 3.50 ± 0.26 
Control point 7:23 ± 0:47 7:15 ± 0:43 6:58* ± 0:41 2.70 ± 0.30 
Predictive tests     
12-min cycle  169 ± 48 165 ± 49 172 ± 43 4.45 ± 0.62 
Task-related  7:53 ± 1.42 7:26 ± 1.50 7:17 ± 1.68 5.60 ± 0.42 
Note: Values are means ± standard deviation (N = 6).  * denotes the trial is statistically different 
(p < 0.05) from Trial 1.  Trial data for the 12-min cycle test is represented as watts, whilst the trial 
data for all other tests are represented as min:sec.  The coefficient of variation (COV) is 




The current experimental chapter investigated two critical steps of the methodological 
framework related to cardiorespiratory-based employment standards; (i) the 
methodology application of the Bookmark method for establishing minimum 
performance standards, and (ii) the validity of task-related and a range of generic 
cardiorespiratory-based tests.  The investigation into the Bookmark method established 
that there was a mismatch between actual work rate and that established via the 
Bookmark method as minimally acceptable.  The results also indicated that 
randomisation of the work sample order does not influence the perception of a 
minimum performance standard.  The second phase of the investigation established 
that a task-related test was the most valid test for predicting the ability to load a RAAF 
cargo pallet.  In contrast, generic cardiorespiratory-based tests, such as those used 
currently within the RAAF, could not accurately identify physically capable and 
incapable employees for both criterion tasks.  These findings challenge the validity of 
generic tests and hence their designation as a bona fide occupational requirement.  The 
last phase of the investigation examined the reliability of a range of predictive tests.  Of 
the four tests that were included in the reliability investigation, all tests except the task-
related predictive test possessed adequate reliability.   
 
4.6.1 DETERMINATION OF MINIMUM ACCEPTABLE STANDARDS OF PERFORMANCE:  THE 
BOOKMARK METHOD  
Determining a minimum acceptable standard is recognised as one of the most critical 
steps in developing an assessment of any type (Cizek, 2006; Zumbo, 2016).  One such 
method of establishing performance standards is the Bookmark method (Lewis et al., 
1999).  In contrast to conventional applications of the Bookmark method, including 
within educational settings (Bay, 2010; Karantonis & Sireci, 2006; Nellhaus, 2000), 
experiential experts related to employment standards are expected to perform the tasks 
for which they are establishing a standard.  Within the present investigation each 
expert was asked perform a task simulation at an acceptable work rate in a high 
priority situation.  However, of the 26 experiential experts that completed either the 
control point simulation or cargo pallet simulation, 15 experts performed the task at a 
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slower work rate than that identified as minimally acceptable using the Bookmark 
method.  Additionally, the mean completion time of the cargo pallet task simulation 
was 52 seconds slower than the Bookmarked minimum acceptable standard.  These 
data suggest that that there was a disconnect between the perceived minimum 
acceptable work rate and the actual speed that experiential experts perform the task.  
Whilst the present investigation reports this disparity in relation to the Bookmark 
method, errors associated with performance standards based upon experiential experts 
have been documented elsewhere (Bernardin, 1978; Cox & Krumboltz, 1958; Dejung & 
Kaplan, 1962; Huber et al., 1987; King et al., 1980).   
 
One of the more persistent problems reported in the literature regarding experiential 
expert input is termed the halo effect (Bernardin, 1978; King et al., 1980).  The halo effect 
relates to the tendency of an assessor to allow overall impressions of an employee to 
influence their perception of task performance (King et al., 1980).  The halo effect may be 
influenced by a number of characteristics such as the sex, age and experience level of 
the employee (Cleveland & Landy, 1981; Haefner, 1977; Hamner et al., 1974; Schwab & 
Heneman, 1978).  To minimise the halo effect, previous applications of the Bookmark 
method have filmed either actual job incumbents (Docherty et al., 2007; Siddall et al., 
2014; Sothmann et al., 2004) or actors in representative clothing (Petersen et al., 2008; 
Petersen et al., 2011; Rogers et al., 2014a) performing the criterion task.  In the current 
investigation, the subject that performed the task simulation in the work sample videos 
was the primary investigator.  Whilst the primary investigator was dressed in 
representative military clothing, the experiential experts were aware that the subject 
was not enlisted within the RAAF and hence not an experienced incumbent.  Due to 
the halo effect, it is possible that the experts were influenced in their perception of the 
performance of the primary investigator.  Hence, the minimum performance standard 
established when viewing the work samples represented a faster work rate than that 
used when actually performing the task.  This explanation provided a potential 
rationale for the disparity observed between actual performance times and the 
minimum performance standards within this investigation.  
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The variation between actual task performance and the perceived minimum standard 
may be addressed by presenting panel members with performance data during the 
selection process (Ricker, 2006). For instance, panel members performing the Angoff 
method of standard setting are informed of hypothetical pass/fail rates prior to the 
determination of a final performance standard (Cizek et al., 2004).  When the Bookmark 
method was compared to the Angoff method, the Bookmark method was documented 
as producing a negative bias (Green et al., 2003; Karantonis & Sireci, 2006; Reckase, 
2005).  That is, the Bookmark method established lower performance standards in 
comparison with the Angoff method (Karantonis & Sireci, 2006).  However, the 
Bookmark and Angoff method differ in multiple characteristics such as the order in 
which the work samples are presented.  Therefore, the negative bias cannot be fully 
attributed to providing pass/fail rates and hence the effect of providing such 
information during the developmental process in unclear. 
 
One distinctive feature of the Bookmark method from alternative item-mapping 
techniques is the ordered presentation of work samples (Karantonis & Sireci, 2006).  
The ordered presentation of work samples has been recommended to simplify the 
standard setting procedure and thereby improve the understanding of the expert panel 
(Buckendahl et al., 2002).  Within the present investigation, the minimum performance 
standard was not significantly influenced by randomisation of the video order.  
However, numerous experiential experts did change their response between Round 2 
and the Randomisation round indicating that some experiential expert’s perceptions of 
the task were influenced by the order of the work sample presentation.     
 
Traditional item-mapping methodologies implemented with employment standards 
research have provided experiential experts with only one opportunity to review the 
materials (Docherty et al., 2007; Petersen et al., 2008; Siddall et al., 2014; Sothmann et al., 
2004).  However, to allow for adequate cognitive processing and unbiased decision 
making, the implementation of standard-setting methodologies which allow 
experiential experts multiple opportunities to alter their responses has been advised 
(Evans & Stanovich, 2013; Zumbo, 2016).  As a result, the Bookmark method has been 
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utilised over other standard-setting methodologies due to the inclusion of multiple 
judgemental rounds along with the group-based discussion which enables panel 
members to consider other viewpoints before making a final selection (Buckendahl et 
al., 2002).  The results of the current study highlighted the effectiveness of the multiple 
judgement rounds and group-based discussion as the level of inter-judge agreement 
increased between Round 1 and 2.  That is, there was greater consensus between 
judges in Round 2 than Round 1.  These data are supported by previous applications of 
the Bookmark method which have documented an increase in the inter-judge 
agreement following the group-based discussion (Buckendahl et al., 2002; Rogers et al., 
2014a). 
 
To ensure an adequate level of inter-judge agreement, the work rate presented in each 
work sample must be visibly discernible from each other (Skaggs & Tessema, 2001).  
Non-distinguishable differences in work samples decreases the level inter-judge 
agreement (Karantonis & Sireci, 2006; Skaggs & Tessema, 2001) as well as the precision 
of which an expert can select a standard (Rogers et al., 2014a). Within employment 
standards literature, the work rates presented in each work sample have been based 
upon descriptive statistics such as the mean task duration and standard deviation of 
previous test takers (Docherty et al., 2007; Petersen et al., 2011; Rogers et al., 2014b; 
Sothmann et al., 2004).  Although, only in some instances have the authors documented 
that the work samples were visibly discernible (Rogers et al., 2014b; Sothmann et al., 
2004).  In the current investigation, the work samples were developed based upon an 
easy, moderate, and hard intensity with each work sample varying in duration by 30 s 
and 45 s for the control point simulation and cargo pallet simulation respectively.  
However, a pilot study indicated that each work rate was not visibly discernible 
(Appendix 1), and consequently the final work samples used for the investigation were 
separated by 60 s for the control point task and 90 s for the cargo pallet task.  
Throughout the literature, the difference in duration of the work samples presented 
during item-mapping methodologies has varied widely (Docherty et al., 2007; Petersen 
et al., 2008; Petersen et al., 2011; Rogers et al., 2014a; Sothmann et al., 2004).  The 
discrepancies may, in part, be due to the duration of the criterion task.  Investigations 
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that have applied an item-mapping approach to shorter duration criterion tasks have 
used comparatively smaller differences in the duration of each work sample (Docherty 
et al., 2007; Petersen et al., 2011).  For example, Docherty et al. (2007) developed work 
samples separated by 7 s for a task with a mean duration of 45 s.  However, the 
duration of the criterion task does not explain all the variance in duration of work 
samples presented.  For a criterion task with similar duration, Sothmann et al. (2004) 
developed work samples that differed in duration by 47 s and 95 s, whilst Rogers et al. 
(2014b) developed work samples separated by 20 s.  The large discrepancies the work 
samples presented during item-mapping methodologies suggests further research is 
needed to delineate a valid methodology for the development of visibly discernible 
work rates  
 
4.6.2 DETERMINATION OF THE RELATIONSHIPS BETWEEN SIMULATION TEST PERFORMANCE 
AND PREDICTIVE TEST PERFORMANCE 
4.6.2.1 Cardiorespiratory demands 
Cardiorespiratory fitness has been acknowledged as a critical physiological attribute in 
a range of physically demanding occupations (Bilzon et al., 2001b; Gledhill & Jamnik, 
1992a; Reilly et al., 2006b; Taylor et al., 2015b).  Mean oxygen consumption values 
ranging from 2.5 L·min¯1 to 3.2 L·min¯1 have been measured during occupational tasks 
related to beach lifeguards, shipboard Naval firefighters, correctional officers, and 
metropolitan firefighters (Bilzon et al., 2001b; Gledhill & Jamnik, 1992a; Jamnik et al., 
2010c; Reilly et al., 2006b).  The oxygen consumption values measured during the 
simulation tests (2.64 L·min-1 – 3.06 L·min-1) and predictive tests (2.90 L·min-1 – 3.60 
L·min-1) indicate that the tests performed in the current investigation elicited a 
comparable level of cardiorespiratory demand.  According to the work intensity 
classification scale proposed by Wilson and Corlett (1995), occupational tasks requiring 
a mean oxygen consumption values over 2.0 L·min-1 classify the task as extremely heavy.   
Therefore, each of the assessments within the current investigation can be classified as 
a highly demanding cardiorespiratory-based test.   
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An additional observation from the quantified cardiorespiratory demand was that the 
skilled and unskilled cohorts worked at a comparable physiological rate despite the 
unskilled cohort possessing, on average, considerably greater maximal oxygen 
consumption values.  One explanation for this finding may relate to the motivational 
level of the different cohorts.  Motivational levels are known to have a significant 
impact on the ability to perform physically demanding assessments (Andreacci et al., 
2002, Moffat et al., 1994).  Within the present study, the unskilled cohort were 
predominately university students that volunteered to partake in the study.  In 
contrast, the skilled cohort consisted of RAAF employees were encouraged by their 
Senior Officer to participate in the study.  Therefore, based upon these differences, it is 
plausible that the skilled cohort possessed greater motivation and hence worked at a 
comparable physiological rate to the unskilled cohort.    
 
4.6.2.2 Loading a RAAF cargo pallet  
Occupational tasks involving the movement of external loads are common within 
public safety-related occupations (Carstairs et al., 2016; Rayson et al., 2000; Richmond et 
al., 2008; Sharp et al., 1988; Stevenson et al., 1988), and often represent the most 
demanding cardiorespiratory-based tasks (Bilzon et al., 2001b; Taylor et al., 2015b).  
Within such occupations, the traditional method of assessing the cardiorespiratory 
fitness of employees has involved generic assessments involving unloaded running 
such as the multi-stage shuttle run test and 2.4 km run test (Bilzon et al., 2002; Gledhill 
& Jamnik, 1992b; Jamnik et al., 2010a).  The current investigation found that unloaded 
running tests are poor predictors of performance on a repetitive lift and carry task 
required within the RAAF.  Furthermore, generic predictive tests could not accurately 
classify physically capable and incapable employees.   
 
The cargo pallet test possessed a strong relationship with the task-related (r2 = 0.55) and 
cycle test (r2 = 0.72) for the Unskilled Cohort.  Similar relationships have been 
established for task-related predictive tests developed for occupational tasks such as 
containing a fuel fire (r2 = 0.52),  carrying a casualty on a stretcher (r2 = 0.59), beach 
lifeguards (r2 = 0.67) and for a range of military related lifting tasks (Beck et al., 2015; 
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Carstairs et al., 2016; Lord et al., 2012; Reilly et al., 2006a).  However, the ability of a 
cycle ergometer test to predict occupational performance is yet to be focused upon 
within the literature.  Generally, a strong coefficient of determination results in a high 
sensitivity and specificity of the test, however, variations may exist depending on the 
distribution of the data (Payne & Harvey, 2010).  The effect of data distribution was 
observed within the Skilled Cohort of the present study whereby the 12-min cycle test 
produced the strongest relationship with criterion performance (r2 = 0.72) however the 
sensitivity of the test (79%) was considerably lower than the task-related test (93%).  
 
The inaccurate classification of physically capable and incapable employees may result 
in legal challenge ramifications for the employer (Sheppard, 2000) and also impact the 
effectiveness of a workforce (Payne & Harvey, 2010). Despite these consequences, few 
studies have used sensitivity and specificity analyses to validate a predictive 
employment test (Middleton et al., 2017; Rayson et al., 2000).  Middleton et. al. 
examined the sensitivity and specificity of both a 1.3 metre and 1.5 metre box lift and 
place test to predict a military pack lift.  The box lift and place tests possessed 
sensitivity measures between 85% - 94%.  These sensitivity values are similar to that 
identified for the task-related predictive test in the current investigation (Skilled = 93%, 
Unskilled = 80%).  In contrast, the generic running-based tests possessed low 
sensitivity measures for the RAAF population (50% - 60%).  To put these numbers into 
perspective, a sensitivity of 50% indicates that the predictive test correctly identifies 
half of employees that are physically capable of performing the task.  These data 
indicate that the generic running-based tests were unable to accurately classify capable 
employees for the task of loading a RAAF cargo pallet for the Skilled Cohort.   
 
When implemented to assess performance on tasks involving load carriage, generic 
running-based tests are believed to induce a systematic bias against heavier personnel 
(Bilzon et al., 2001a; Vanderburgh & Flanagan, 2000).  This body mass-related bias is 
due to unloaded running favouring people with a higher normalised (per kilogram of 
body mass) oxygen consumption; a general characteristic of smaller and leaner 
individuals (Bilzon et al., 2001a).  In contrast to unloaded running-based assessments, 
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performance on load carriage related tasks is believed to be largely influenced by the 
total amount of oxygen consumed during the activity (Dziados et al., 1987; Goldman & 
Iampietro, 1962; Soule et al., 1978; Vanderburgh & Flanagan, 2000).  The findings of the 
current study support these previous findings as performance on the 12-min run test 
was strongly related to the amount of oxygen consumed per kilogram of body mass 
during the test (Unskilled Cohort: r2 = 0.62), and only moderately related to the total 
amount of oxygen consumed during the test (Unskilled Cohort: r2 = 0.32).  Whilst 
performance on the cargo pallet simulation test showed an opposite trend with test 
performance being moderately related to relative oxygen consumption (Unskilled 
Cohort: r2 = 0.40, Skilled Cohort: r2 = 0.27) and strongly related to absolute oxygen 
consumption (Unskilled: r2 = 0.69, Skilled: r2 = 0.53).  These data indicate that the 
participants capable of utilising more oxygen were favoured by the cargo pallet 
simulation test, whilst participants capable of utilising more oxygen per kilogram of 
body mass were favoured by the 12-min run test.  These conflicting biases associated 
with the 12-min run test and the cargo pallet simulation test may explain the relatively 
poor relationship between performance measures on the two tests (r2 = 0.44) when 
compared to the other predictive tests such as the task-related test (Skilled: r2 = 0.55, 
Unskilled: r2 = 0.67).   
 
To remove the body mass bias associated with unloaded running-based tests, the 
addition of external loads has been advocated (Vanderburgh & Flanagan, 2000).  
Vanderburgh and Flanagan (2000) suggested that the addition of a 20 kg external load 
removes the majority of body mass-related bias associated with a 3.2 km run test.  
However, in relation to a repeated manual handling task, the current investigation 
established similar levels of validity for both a loaded and unloaded running-based 
test.  That is, the coefficient of determination established between the cargo pallet 
simulation test result and both the loaded 12-min run test result (r2 = 0.44) and 12-min 
run test result (r2 = 0.44) were comparable.  The sensitivity and specificity of the 12-min 
loaded run (sensitivity = 76%, specificity = 70%) and 12-min run (sensitivity = 71%, 
specificity = 75%) were also similar.  One potential explanation for the inability of the 
loaded 12-min run test to better explain cargo pallet simulation test performance 
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relates to pacing strategies.  At the conclusion of the loaded 12-min run test numerous 
participants verbally expressed that they underestimated the difficulty of the 
assessment.  Consequently, the participants reached a highly fatigued state early in the 
test.  Proficient pacing strategies are well-established to considerably improve 
performance on exercise tests (Abbiss & Laursen, 2008; Boyd et al., 2014; de Koning et 
al., 1999; Foster et al., 2005; Foster et al., 1993).  Boyd et al. (2014) documented significant 
improvements over multiple trials in a circuit-based firefighter simulation and 
attributed those performance improvements to the adoption of efficient pacing 
strategies.  The observation from the current study suggests that the familiarisation 
trials, in which each participant performed a short (400m) run with the weighted vest, 
was ineffective at appropriately familiarising the participants with the requirements of 
the test.  
An alternative method of reducing the body mass bias associated with unloaded 
running tests involves the use of ergometer-based exercise tests (Vanderburgh, 1993).  
Ergometer-based exercise is non-weight bearing and therefore the participants are not 
required to displace their body mass against gravity.  Consequently, the external work 
rate of ergometer-based exercise, commonly measured in watts, is closely linked with 
the total amount of oxygen consumed during the test (Barstow & Molé, 1991; Gaesser 
& Brooks, 1975; Nagle et al., 1971).  The results of the current investigation support 
these previous findings as cycle test performance was well-explained by absolute 
oxygen consumption (Unskilled: r2 = 0.87, Skilled: r2 = 0.76). 
 
The coefficient of determination has been applied extensively throughout employment 
standard literature to determine the validity of predictive test (Beck et al., 2015; Bilzon 
et al., 2002; Blacker et al., 2015; Carstairs et al., 2016; Rayson et al., 2000; Rice & Sharp, 
1994a; Richmond et al., 2008; Stevenson et al., 1988).  The most commonly used criteria 
for regression strength is that recently advocated by Milligan et. al (2016) which 
classifies r2 ≤ 0.13 as a weak relationship,  0.13 < r2 <  0.46 as a moderate relationship, 
and r2 ≥ 0.46 as a strong relationship.  However, despite its widespread application 
throughout employment standards literature, a threshold value for the acceptance or 
rejection of a predictive test based upon this analytical technique has not been 
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delineated.  An evaluation of the literature shows that previous authors have rejected 
predictive tests possessing coefficients of determination of 0.36 (Carstairs et al., 2016), 
and 0.27 (Groeller et al., 2015), whilst 0.50 was used as the minimum acceptable 
coefficient of determination by Rice and Sharp (1994a).   The implementation of similar 
cut-off criteria within the current investigation would establish only the task-related 
test as a valid prediction of performance for the Skilled Cohort.  In relation to the 
Unskilled Cohort, the task-related test and the 12-minute cycle test would be 
considered valid. 
 
Regardless of the classification method used, interpretation of r2 values must consider 
factors such as data clustering, outliers, limited data points on either end of the scale, 
and the amount of leverage of specific data points, to avoid a distorted and misleading 
interpretation of the predictive validity of a test (Chatterjee & Hadi, 1988; Petersen et 
al., 2016).  Indeed descriptive analysis and visual interpretation can elicit important 
information that may not be appropriately portrayed by simple interpretation and 
comparison of coefficients of determination (Petersen et al., 2016).  For example, within 
the Skilled Cohort of present investigation, the 12-min cycle test was established as a 
moderate predictor (r2 = 0.22) of the ability to perform the cargo pallet simulation test 
(Figure 4.13A).  In contrast, within the Unskilled Cohort, the 12-min cycle test was a 
strong predictor (r2 =0.72) of the ability to perform the cargo pallet simulation test 
(Figure 4.13B).  However, when the Skilled Cohort and Unskilled Cohort test 
performance results were compared, the Unskilled Cohort had a considerably larger 
variance (cycle test: range = 194 watts, cargo pallet simulation test: range = 5.16 mins) 
compared to the Skilled Cohort (12-min cycle test: range = 117 watts, cargo pallet 
simulation test: range = 3.63 mins).  That is, the Unskilled Cohort contained 
participants who performed both considerably better and worse than the Skilled 
Cohort on both the tests.  Figure 4.13 demonstrates that the removal of participants 
outside the performance range of the Skilled Cohort resulted in the coefficient of 
determination of the 12-min cycle test reducing considerably (r2 = 0.72  0.35).   
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Clearly, if the Unskilled Cohort had been used to validate the 12-min cycle test then the 
test would be considered valid.  However, its validity within an occupational specific 
cohort is weak.  This finding suggests that consideration should be given to the 
population used to validate predictive tests.  For instance, tests designed to assess 
unskilled recruits may be better validated on unskilled cohorts whilst incumbent tests 
may be better validated on skilled cohorts.  Within the literature skilled subjects are 
generally recruited regardless of the purpose of test implementation (Bilzon et al., 2002; 
Blacker et al., 2015; Rayson et al., 2000; Stevenson et al., 1988).  To the author’s 
knowledge, Groeller et al. (2015) is the only author to utilise unskilled participants 
during the development of a physical employment standard.   
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Figure 4.13: Three regression analyses for the simulation test of loading a RAAF 
cargo pallet and the 12-min cycle test.  Figure A represents the full 
dataset of the Skilled Cohort.  Figure B represents the full data set of the 
Unskilled Cohort.  Figure C represents the Unskilled Cohort with 
removed data points (shown in red) to match the range of the Skilled 
Cohort.  
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Interpretation of the predictive validity of a test must consider the presence of 
influential individual data points (Petersen et al., 2016).  The influence of a data point 
on the regression is based upon two factors; the position of the data point on the 
predictor variable (x axis) termed leverage, and the distance away from the regression 
line, termed residual error (Ling, 1984).  Considering these factors, a data point may 
have a small residual error and therefore may not be identified as an outlier; however, 
the data point may considerably influence the coefficient of determination if it has high 
leverage (Chatterjee & Hadi, 1986).  To quantify the influence of a particular data point 
on linear regression analyses Cook (1977) developed a statistical methodology termed 
Cook’s distance.  Cook’s distance takes into account the leverage and residual error of 
each data point to produce a measure of the overall impact on the least squares 
regression (Cook, 1977).  To the authors’ knowledge this analysis method, termed 
Cook’s distance, is yet to be applied within physical employment standards research.  
However, it seems unreasonable that one specific data point should exert a 
disproportionate influence on the interpretation of test validity.  Consider the task-
related test and the cargo pallet simulation test (Figure 4.14).  Using Cook’s distance, a 
single influential data point (shown in red) can be clearly distinguished.  The Cook’s 
distance value for this particular data point is 0.49.  Figure 4.14 demonstrates that the 
removal of this data point results in the coefficient of determination increasing from 
0.67 to 0.73.  Whether this data point should be removed from the data point depends 
on the exclusion criteria used.  One method simply involves removing all data points 
with Cook’s distance greater than 1 (Ling, 1984).  Using this method the data point 
would remain in the data set.  However, another method of establishing a maximal 
permissible Cook’s distance uses the formula 4/n, where n represents the total number 
of observations (Bollen & Jackman, 1985).  Such a method would result in all data 
points within the Skilled cohort with a Cook’s distance greater than 0.15 (three data 




Figure 4.14: The influence of specific data points on the coefficient of determination.  
Removal of the red data point results in an increased r2 from 0.67 to 0.73.  
Figure A represents the full data set for performance on the simulation 
test of loading a RAAF cargo pallet and performance on the task-related 
predictive test.  Figure B demonstrates that the removal of one data 
point (shown in red in Figure A) increases the coefficient of 
determination from 0.67 to 0.73. Figure C shows the Cook’s distance plot 
demonstrating the influence of each data point on the coefficient of 
determination.   
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4.6.2.3 Establishing an access control point 
The task of establishing an access control point represented a complex skill-based task 
required by RAAF personnel.  The physiological results of the control point task 
suggest that the task was demanding upon the cardiorespiratory system.  However, 
the generic tests of cardiorespiratory fitness were unable to accurately explain variation 
in the control point simulation test (r2 = 0.03 – 0.27).  Furthermore, generic tests were 
unable to accurately identify physically capable and incapable employees.  The 
inability of generic fitness tests to accurately explain variations on a complex task is 
congruent with previous research which has concluded that performance on complex 
tasks is influenced by a unique blend of physical and physiological attributes, along 
with the skill level of the employee (Bishop et al., 1999; Groeller et al., 2015; Kraemer et 
al., 1998; Pandorf et al., 2002; Szivak et al., 2013).  For example, Groeller et al. (2015) 
failed to establish a valid generic muscular strength and endurance test for a ladder 
raise task required by Australian urban firefighters and concluded that task 
performance was influenced by movement specificity and the skill of the worker.   
 
The importance of incorporating the skill aspect of a criterion task in a selection test is 
well-established (Davis & Dotson, 1987; Kenny et al., 2016; Payne & Harvey, 2010).  The 
skill level of a worker contributes to large inter-individual variations (10 to 100%) in 
the efficiency of performing an occupational task (Milligan et al., 2016a; Schwab & 
Heneman, 1976; Sparrow & Newell, 1998).  As skilled workers often represent older 
more experienced workers, skill-based assessments are important to avoid age-related 
discrimination (Kenny et al., 2016).  Whilst differences in efficiency may not apply to all 
occupations (Louhevaara, 1999), it is reasonable to assume that skill-based tasks with 
increased complexity are influenced to a greater extent than those requiring generic, 
repetitive movements.  However, within the current investigation, there were no 
significant differences between the Skilled Cohort and Unskilled Cohort in completion 
time of the control point simulation test or the amount oxygen consumed during the 
test.  These data are in contrast to Milligan et al. (2016a) who established a mean 
metabolic demand of an experienced cohort to be 24% lower than an inexperienced for 
a skill-based task required by UK Coastguard personnel.   
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4.6.3 DETERMINATION OF TEST RELIABILITY  
The threshold for an acceptable coefficient of variation for an employment test is 
commonly set at 5 % (Boyd et al., 2014; Currell & Jeukendrup, 2008).  Using this 
criterion, all tests in the current investigation possessed adequate reliability except the 
task-related predictive test (5.6%).  One potential reason for increased variability in the 
task-related predictive test is the local muscle pain in the lower back which was 
verbally expressed by multiple participants during the university-based (Unskilled) 
assessment phase of the investigation.  Pain-related activities are known to be highly 
influenced by motivational levels and therefore could create variability between trials 
(Wiech & Tracey, 2013).  To reduce the influence of pain, the size of the box was 
reduced for the revalidation phase which enabled a more efficient lifting technique.  
The access control point simulation test possessed the lowest coefficient of variation 
(2.7%).  Interpretation of this result must consider the compulsory rest periods 
involved in the control point simulation test.  These rest periods were standard 
between participants and therefore likely reduced the variability of test results.  The 
small participant cohort (N = 6) must also be considered when interpreting the 
reliability data in the current study.  Considerably larger participant numbers (N = 10 – 
58) have been used in published reliability studies (Boyd et al., 2014; Pandorf et al., 
2003; Richmond et al., 2008).   
 
Significant improvements in task performance between trial one and trial three for the 
task of establishing an access control point were established (p = 0.049).  In contrast, no 
significant differences (p > 0.05) were seen between trials for the other tests examined 
including the packing of an Air Force cargo pallet.  These data support significant 
improvements in skill-based criterion tasks reported elsewhere (Boyd et al., 2014; 
Richmond et al., 2008).  For instance, Boyd et. al. (2014) analysed performance times of 
Canadian Firefighters on six repeated trials of a simulation based fitness evaluation 
with significant improvements identified between each trial.  Furthermore, Richmond 
et al. (2008) examined performance on several Air Force related tasks and reported 
significant improvements in the complex ‘fire and manoeuvre’ task however no 
significant improvements were reported for the simple task of lifting an item into a 
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truck.  The statistical methods differed between these two studies with Boyd et. al. 
(2014) using the Bonferroni correction to lower alpha to the .01 level, however 
Richmond et. al. and setting alpha to the .05 level.  A recent review on the validity and 
reliability of physical employment tests does not provide guidelines regarding this 
aspect of statistical methodology  (Milligan et al., 2016b).     
 
4.7  CONCLUSION 
The current investigation explored numerous methodological steps of the development 
of an employment study including the determination of a minimum acceptable 
standard, and also the selection and validation of predictive cardiorespiratory-based 
tests.  The findings suggest the minimum performance standard established using the 
Bookmark method may not correspond to the work rate used during the criterion task.  
Another important finding of the current investigation was that the generic 
cardiorespiratory-based tests possessed poor predictive validity and were unable to 
accurately classify capable and incapable employees.  It is advised that organisations 
currently administering generic tests review the basis for their inclusion to avoid 
discrimination during the selection process.  The findings of the current investigation 
advocate the use of simulation tests or task-related predictive tests providing their 









SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
FOR FUTURE RESEARCH 
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5.1 SUMMARY  
The present thesis explored numerous steps within the methodological framework of 
establishing a bona fide physical employment standard (Table 5.1).  These steps 
included the quantification of the physiological demands of a task (Phase 3; Step 8), the 
identification of criterion tasks (Phase 3; Step 9), the selection and validation of 
cardiorespiratory-based tests (Phase 4; Steps 11-13), and the determination of a 
minimum acceptable standard (Phase 6; Step 16).  
 
Chapter 3 specifically focused upon the development of task simulations.  The primary 
aim of Chapter 3 was to examine the design specifications and physiological demand 
of a task simulation developed independently by two groups of experiential experts.  
The first hypothesis (Hypothesis 1) was that the physiological demand of two task 
simulations developed by two independent groups of experiential experts would not 
differ.  To test this hypothesis, a panel of experiential experts from the RAAF designed 
and performed a task simulation for a group-based occupational task.  The 
physiological data collected during the task was compared to a previously developed 
task simulation by an independent group of experiential experts.  The results showed 
considerable variance in the physiological demand associated with each simulation.  
This variance was caused by contrasts in the design of each simulation as well as 
differences in techniques utilised by each experiential panel.  Given this finding, 




Table 5.1: The methodological framework of establishing bona fide employment 
standards 
Note:  Adapted from Gledhill and Bonneau (2000) and Petersen et al. (2016).  The bolded text 
represents the steps of the steps of the methodological framework that are relevant to the 
findings of the present thesis. 
  
Phase Step Description 
1 1 Justify establishing an employment standard 
 2 Appoint a management team with appropriate knowledge and experience 
2 3 Familiarise the researchers with job requirements and duties 
 4 Preliminary job review and analysis 
 5 Identify the essential and physically demanding tasks 
 6 Approve and validate the list of essential and demanding tasks 
 7 Produce a subset of tasks using employee surveys or focus groups 
3 8 Characterise those tasks: observe, measure, quantify 
 9 Identify the criterion tasks 
 10 Approve and validate the criterion tasks 
4 11 Develop physiological screening tests 
 12 Standardise screening tests, including administrative procedures 
 13 Approve and validate screening tests and procedures 
5 14 Evaluate screening test validity and reliability 
 15 Approve standard development for test performances 
6 16 Develop test performance standard and cut-scores 
 17 Approve and validate test performance standards and cut-scores 
 18 Implement screening tests 
7 19 Develop instructional and preparatory guidelines for candidates 
 20 Review selection process and outcomes as the job changes 
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The implications of this finding on the methodological framework of establishing bona 
fide employment standards relate to the quantification of the physiological demand of 
criterion tasks (Phase 3; Step 8).  Within the literature, the quantification of the 
physiological demand of a criterion task has, in some instances, been based upon a task 
simulation developed by one group of experiential experts.  However, the findings of 
Chapter 3 suggest that a methodological approach that uses a single grouping of 
experiential experts may result in the development of task simulations that are biased 
by the experience and expertise of the experts consulted.  Therefore, when quantifying 
the physiological demand of a criterion task, it is advised that researchers seek input 
from multiple groups of experiential experts to ensure the simulation is a valid 
replication of a realistic operational scenario.   
   
In addition to examining the physiological demand of task simulations developed by 
independent expert groups, Chapter 3 also examined the validity of a single-person 
task simulation for a group-based criterion task.  It was hypothesised that the single-
person task simulation would possess strong content validity (Hypothesis 2), and the 
physiological demand of the single-person task simulation and group-based criterion 
task would not differ (Hypothesis 3).  To test these hypotheses, a panel of experiential 
experts developed and performed both a group-based simulation and a single-person 
task simulation.  The single-person task simulation was found to possess strong 
content validity and be an accurate replication of the physiological demand of the 
group-based criterion task.  Given these findings both Hypothesis 2 and Hypothesis 3 
were accepted.  The significance of these findings on the methodological framework of 
establishing bona fide employment standards relates to the identification of criterion 
tasks (Phase 3; Step 9).  Often, group-based criterion tasks are excluded from selection 
as a criterion tasks during the task analysis period.  However, the findings of the 
Chapter 3 suggest that, through focus group sessions with experiential experts, valid 
single-person simulations of group-based criterion tasks may be developed.  Therefore, 
it is recommended that group-based tasks be considered as potential criterion tasks 
during the development of future physical employment standards.   
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Chapter 4 of the present thesis focused upon two important requirements of 
establishing a bona fide employment standard; the determination of a minimum 
performance standard (Phase 6; Step 16), and the selection and validation of selection 
tests (Phase 4; Steps 11-13).  The first phase of Chapter 4 focused upon the Bookmark 
method of establishing minimum performance standards.  Specifically, the 
investigation into the Bookmark method examined if the order in which work samples 
were presented influenced the perception of a minimum performance standard.  It was 
hypothesised that the order of work sample presentation would not influence the 
determination of a minimum acceptable standard (Hypothesis 1).  To test this 
hypothesis, an additional judgement round was included to the established Bookmark 
method whereby the work sample videos were presented to the expert panel in a 
randomised order.  The results indicated that the presentation of work sample videos 
in a randomised order had a nominal influence on the perception of a minimum 
performance standard.  Therefore Hypothesis 1 was accepted. 
 
The second focus of the investigation into the Bookmark method was to compare the 
actual work rate of experiential experts whilst performing a task simulation with the 
minimum performance standard established using the Bookmark method.  It was 
hypothesised that all experiential experts would complete the task simulation at a 
work rate above the minimum standard of performance (Hypothesis 2).  To test this 
hypothesis, a panel of experiential experts performed a task simulation at a speed they 
personally believed to represent an acceptable work rate.  Following the completion of 
the task simulations, all experiential experts were involved in the determination of a 
minimally acceptable work rate using the Bookmark method.  Of the 26 experiential 
experts included in the study, 15 performed the task simulation at a slower work rate 
than that determined as the minimum acceptable work rate using the Bookmark 
method.  Given these findings Hypothesis 2 was rejected.  The data suggest that that 
there was a disconnect between the work rate adopted during safe and efficient 
performance of the task, and the perceived minimum acceptable work rate establish 
via the Bookmark method.  The current investigation is the first to identify this 
mismatch in regards to the Bookmark method.  Based upon this finding it is 
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recommended future applications of the Bookmark method include a step to measure 
the work rate of experiential experts whilst performing the task at a perceived 
acceptable standard. 
 
Phase 2 of Chapter 4 examined the validity of a range of different cardiorespiratory-
based employment tests for two occupational tasks performed by RAAF personnel.  
The occupational tasks consisted of one simple and one complex task. Two cohorts of 
participants were recruited; one cohort had previous experience of the occupational 
task (Skilled Cohort) and the other had no prior experience of the occupational tasks 
(Unskilled Cohort).  Each cohort completed a testing protocol consisting of a 
simulation test of each criterion task, a task-related test, and a range of generic 
cardiorespiratory-based tests.  It was hypothesised that, in both cohorts, the coefficient 
of determination between simulation test performance and task-related test 
performance would be greater than 0.45 (Hypothesis 3).  The results indicated that a 
task-related test was a strong predictor of task performance for the task upon which it 
was based.  Given these findings, Hypothesis 3 was accepted.  It was also hypothesised 
that the coefficient of determination between criterion task performance and generic 
test performance would be less than 0.45 for all generic tests examined (Hypothesis 4).  
Whilst the majority of generic cardiorespiratory-based tests were shown to be poor 
predictors of simulation test performance, one generic test (12-min cycle ergometer 
test) was a strong predictor of performance on a simulation test within the unskilled 
cohort.  Therefore, Hypothesis 4 was rejected. 
 
The findings of Phase 2 of Chapter 4 are pertinent to the development and validation of 
screening tests within the methodological framework of establishing bona fide 
employment standards (Phase 4: Steps 11–13).  The results indicated that generic tests 
of cardiorespiratory fitness were, for the most part, inaccurate predictors of 
occupational performance.  In relation to the complex criterion task, no generic test 
could be appropriately validated.  Therefore, this finding supports the implementation 
of assessments that are sensitive to the skill of the person being tested, for instance a 
simulation test, when assessing performance on complex criterion tasks.   
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The generic tests that involved unloaded running possessed weak validity in regards 
to both the simple and complex criterion task.  That is, the multi-stage shuttle run test, 
2.4 km run test, and 12-min run test were unable to classify physically capable and 
incapable personnel on both of the simulation tests.  Importantly, this finding was 
established despite the physiological data indicating a significant demand placed upon 
the cardiorespiratory system during each of the assessments.  Based upon the criterion 
tasks investigated within the current research project, a physically demanding 
cardiorespiratory-based occupational task does not provide appropriate justification 
for the inclusion of a generic running-based test.  Indeed, this conclusion is supported 
by the sensitivity results that demonstrate a multi-stage shuttle test correctly identified 
only 50% of the skilled personnel capable of loading a RAAF cargo pallet at a work rate 
above the minimum performance standard.  From this finding, it is recommended that 
organisations currently utilising a cardiorespiratory fitness assessment that involves an 
unloaded running modality review the foundation for the inclusion of the assessment 
within the testing protocol.   
 
In contrast to the weak predictive validity of the unloaded running-based tests, the 
non-weight bearing generic test (cycle test) possessed strong validity within an 
unskilled cohort for one of the occupational tasks.  Unexpectedly, when the same non-
weight bearing test was applied to a skilled cohort, the ability of the test to predict 
occupational task performance decreased substantially.  Based upon these findings, the 
validity of a generic cardiorespiratory-based test appears dependent upon numerous 
factors including the characteristics of the test, the characteristics of the criterion task, 
and the population to which the test is applied.  The physiological data collected 
within the present investigation supports the suggestion that different types of 
cardiorespiratory fitness tests (unloaded running, loaded running, non-weight bearing) 
elicit a performance bias.  For instance, participants with the ability to consume a 
greater absolute volume of oxygen were likely to produce a higher average wattage 
during the cycle test, whereas participants capable of utilising more oxygen per 
kilogram of body mass were likely to cover more distance during the 12-min run test.  
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The identified performance bias is in agreeance with previous investigations that have 
concluded that assessment based upon an unloaded running modality may bias 
personnel that are capable of higher normalised (to body mass) oxygen consumption 
values.  Based upon the established performance bias, it is recommended that the 
characteristics of the test (unloaded running, loaded running, non-weight bearing), and 
the characteristics of the criterion task, be considered during the selection of 
cardiorespiratory-based tests within future testing protocols. 
 
5.2 CONCLUSIONS 
Based upon the results obtained within this thesis, the following conclusions were 
made to assist the development of bona fide physical employment standards: 
1. Consultation with numerous groups of experiential experts is necessary 
during the development of task simulations.  Such an approach is required to 
ensure that the specifications and associated physiological demand of task 
simulations are not biased by the experience and expertise of one group of 
experiential experts.  It is therefore critical for researchers to resist 
organisational pressure to develop employment standards with 
compromised access to experiential experts. 
2. Minimum performance standards that are established using the Bookmark 
method may not correspond to the actual work rate adopted during safe and 
efficient performance of the task.  Therefore, it is recommended that the work 
rate utilised by experiential experts whilst performing the task is considered 
when establishing minimum performance standards using the Bookmark 
method. 
3. Generic cardiorespiratory-based tests are not always a valid assessment of 
cardiorespiratory-based occupational tasks.  Rather, the validity of selection 
tests is influenced by the characteristics of the test, the characteristics of the 
criterion task, and the population to which the test is applied.  Therefore, 
organisations should review the basis for the inclusion of cardiorespiratory-
based tests within selection protocols.   
  
Page 134 
5.3 RECOMMENDATIONS FOR FUTURE RESEARCH 
Based upon the results of this thesis, the following recommendations are made for 
future research in the area of physical employment standards: 
1. The outcomes and recommendations from Chapter 3 are based upon one 
group-based criterion task.  Therefore, to consolidate the findings, future 
research is recommended to establish the physiological demand of task 
simulations developed by different experiential expert groups, as well as the 
validity of single-person task simulations. 
2. The investigation into the Bookmark method was conducted on a relatively 
small cohort (N = 26).  Therefore, future research is needed to further explore 
the potential differences between actual work rate during safe and efficient 
completion of the task and that selected as minimally acceptable using the 
Bookmark method.  Additionally, future research should focus upon 
potential modifications to the methodological application of the Bookmark 
method to reduce the mismatch between the work rate perceived as 
acceptable when performing the task, and that perceived as minimally 
acceptable when viewing work sample videos. 
3. Both occupational tasks investigated within Chapter 4 required the 
intermittent movement of external load.  However, the most demanding 
cardiorespiratory-based tasks often require the movement of a constant 
external load, for instance a pack march task.  Therefore, to increase our 
understanding of the validity of different types of cardiorespiratory-based 
tests, future research focused upon the validation of predictive assessments 
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Item-mapping methodologies have been widely implemented within physical 
employment standards literature to establish minimum performance standards 
(Docherty et al., 2007; Petersen et al., 2008; Petersen et al., 2011; Rogers et al., 2014a; 
Siddall et al., 2014; Sothmann et al., 2004).  In brief, item-mapping methodological 
approaches require experiential experts to view a range of work sample videos, with 
each video presenting the criterion task being performed at a different work rate.  The 
experiential experts then select a work rate commensurate with safe and efficient 
completion of the task.  For an item-mapping approach to considered valid, the work 
rate presented by each work sample video must be visibly discernible from each other 
(Rogers et al., 2014a; Sothmann et al., 2004).  Indeed, failure to appropriately address 
this step decreases the level of agreement between judges regarding a minimum 
performance standard (Karantonis & Sireci, 2006; Skaggs & Tessema, 2001).   
 
Within previous applications of the Bookmark method the work rate presented by each 
work sample video has been based upon the performance results of previous test 
takers (Docherty et al., 2007; Petersen et al., 2011; Rogers et al., 2014b; Sothmann et al., 
2004). However, this data was not available for the current investigation.  Therefore 
this pilot study aimed to develop work samples that were representative of a wide 
range of work rates, whereby each work rate was visibly discernible.  The findings of 
this pilot study were used to establish the final work samples for the investigation into 




Two tasks required by RAAF personnel were examined; the loading of a RAAF cargo 
pallet and the construction of an access control point.  For each occupational task nine 
work sample videos were developed (see 4.2.2.2).  Of the nine work sample videos that 
were developed, four were selected to be included within the present pilot study 
(Table 7.1).  Each work sample video represented a unique work rate, with the 
difference in work rate identical between each video.  
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Table 7.1:  The duration of the work samples videos for the pilot study  
Criterion task Duration of work sample video 








Note: the duration values are represented as min:sec. 
 
Subjects 
Five participants (3 Males, 2 Females) were recruited from the University of 
Wollongong.  All participants had completed a simulation of both criterion tasks and 
were therefore familiar with the requirements of the occupational task. 
 
Viewing sessions 
Each participant individually attended a viewing session with the primary investigator 
in a teaching room at the University of Wollongong.  The room was equipped with a 
data projector.  The participants were seated in front of the data projector with a pen 
and data recording sheet.  Each session began with a 5-minute brief from the primary 
investigator which outlined the purpose of the study.  Following the brief, the work 
sample videos were presented on the data projector.   
 
The viewing sessions were performed using two distinct phases.  The first phase of the 
viewing session focused upon the ordering of work sample videos based upon work 
rate for the cargo pallet task.  The four work sample videos of the cargo pallet task 
were presented in their entirety on the data projector.  Once all work sample videos 
had been viewed, the participants rank ordered the videos based upon their perception 
of the work rate presented.  For instance, if the participants believed the third video 
presented to represent the fastest work rate they were instructed to write a number one 
in the box corresponding to Video 3 on the data recording sheet.  For each participant, 
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the order of video presentation was randomised.  The participants were also blinded as 
to the duration of each video.  Phase two of the viewing session repeated the exact 
process however the work sample videos of the control point task were presented. 
 
Results 
Of the five participants, one participant correctly ranked the work sample videos of the 
cargo pallet task based upon the work rates presented, whilst two participants 
correctly rank ordered the videos of the control point task.   
 
Discussion 
The findings of the current study suggest that the work sample videos developed for 
the cargo pallet and control point tasks were not all visibly discernible with respect to 
changes in speed.  To the authors knowledge, Sothmann et al. (2004) is the only 
previous author to document the ability of personnel to correctly order work sample 
videos based upon work rate.  Sothmann et al. (2004) found that of a sample of United 
States firefighters (N = 41), 70% were able to correctly rank order work sample videos 
for a circuit-based assessment.  When compared to the current investigation, the work 
sample videos utilised by Sothmann et al. (2004) were comparatively shorter in 
duration (mean duration 8 min 44 s) with a larger difference between work sample 
videos (mean difference 1 min 18 s).  Therefore, the increased ability of the firefighters 
to rank order the work sample videos, compared to the participants in the current 
study was an expected outcome.  Based upon this finding, numerous work sample 
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ITEM 1: RATIONALE 
Physical employment standards are used by the Royal Australian Air Force 
(RAAF) to identify if personnel possess the physical capacities required to 
safely and effectively complete essential occupational tasks. The accurate 
identification of employees is critical to limit the risk for work related injuries, 
improve the productivity of the work force, and ensure the standards are 
legally defensible. However, current research indicates that the current testing 
protocol has the potential for discrimination during the selection process. This 
is particularly relevant to the cardiorespiratory fitness component of the 
protocol which involves unloaded running based tests (shuttle run or 2.4 km 
run). Cardiorespiratory fitness is a critical physiological requirement for many 
RAAF tasks and therefore it is important to increase the validity of such tests.  
 
ITEM 2: STUDY OBJECTIVES 
The primary aim of this investigation is to advise the Defence Science and 
Technology Group (DST Group) as to the most valid type of cardiorespiratory 
physical employment test to be implemented in the RAAF physical testing 
protocol. This will be achieved by comparing performance on critical low load, 
long duration occupational tasks with performance on various types of 
cardiorespiratory tests. The secondary aim of this investigation is to outline a 
valid methodology for developing a pass/fail score on a cardiorespiratory based 
predictive test.  This will assist the development of non-discriminatory, legally 
defensible, cardiorespiratory-based physical employment standards.   
 
ITEM 3: TEST PROCEDURES 
25 participants will be required to attend the exercise physiology laboratory for  11 
sessions ranging from 30 – 60 minutes in duration. The total time burden will be 
approximately 7 hours. These sessions will be made up of 4 familiarisation trials 
followed by 7 cardiorespiratory based tests performed at maximum intensity. The tests 





Simulation tests:  
Load/unload a RAAF pallet: You will be required to lift and carry RAAF 
specific items (jerry cans, supply boxes, bags containing various items) onto a 
pallet before returning them to their starting position. The mass of the items 
will range from 10 kg to 40 kg with the average mass being 20 kg. For the 
heavier items a 2 person lift will be assigned. Performance on this test will be 
measured by the total amount of time taken. Running is prohibited during the 
test.  
 
Establishing a control point: This task is completed in a team of 4-7 
personnel. To measure individual performance the test will isolate key 
components of the task including the carrying of the tent, carrying the dolly, 
inserting stakes in the ground, and walking. The aim of the test is to complete 
as many repetitions of the circuit as possible in 40 minutes which is 
representative of the actual task duration.   
 
Functional predictive test:  
You will be required to pick up a box (20 kg) from a pallet and carry it to 
the next pallet before walking around a cone (one lap).  This sequence will be 
continuously repeated throughout the test.  The aim of the test is to complete 50 
laps of the circuit as quickly as possible.  This replicates the number of lifts 
required for the pallet task.  
 
Generic predictive tests: 
 12 minute cycle ergometer: You will be required to cycle continuously on a 
cycle ergometer for 12 minutes. The aim of the test is to complete as much work 
as possible (measured as average watts).  
  
12 minute run: You will be required to run around an oval for 12 minutes 
with the aim to cover the greatest distance possible. The test will be conducted 
on a hard flat track of known distance.  
 
12 minute loaded run: You will be required to run around an oval with a 
weighted vest (20 kg) with the aim to cover the greatest distance possible.  The 









Maximal aerobic power test (?̇?O2 max) 
 
All subjects will complete an incremental treadmill test to volitional 
termination.  The protocol will involve a 3-minute warm-up at 5 km.hr¯¹ at 0% 
gradient.  The speed of the treadmill will then increase to an individualised 
comfortable running speed, as determined by the subject.  Once this speed has 
been reached the incline will increase by two percent every two minutes until 
volitional termination.  All subjects will be wearing a safety harness which 
prevents falling at the completion of the test. 
 
 
Physiological and psychophysical data collection 
During each test ?̇?O2 will be calculated using portable metabolic measurement 
devices (Metamax 3B, Cortex). All Metamax devices will be cleaned and 
calibrated prior to use on each testing day. Heart rate will be measured via 
telemetry (Polar heart rate monitors). Following each test a rating of perceived 
exertion will be recorded using the Borg Rating of Perceived Exertion Scale. 
During the aerobic power test expired air samples will be collected 
continuously to determine oxygen uptake and minute ventilation (ParvoMedics 
Inc. TrueOne 2400, U.S.). All tests require participants to be fitted with a mask 
to ensure expired air can be analysed.  
 
ITEM 4: HAZARDS AND DISCOMFORTS 
 
Exercise 
As with any physical task there is a risk of injury. We will minimise this risk by 
familiarising you with the tasks/assessments and monitoring your exercise 
technique throughout. Should your technique be incorrect, you will be required 
to stop. The tests may result in mild delayed muscle soreness. This is a normal 
response to unaccustomed physical activity. Muscle soreness will normally 
peak two days after the physical activity bout and then return to normal over 
the next few days.  
 
Please note that during all activities there will be a qualified first aider present 
in case an emergency situation arises. Emergency services (i.e. ‘000’) will 
provide secondary first aid where necessary.  
 
Please note, in the event of an accident or injury as a result of participating in this 
research study payment of medical costs or compensation is covered under the 






ITEM 5: BENEFITS OF THE RESEARCH 
This investigation will allow researchers and the Royal Australian Air Force to 
develop valid physical employment assessments that are directly related to 
work task performance. The outcomes may also inform conduct of future 
investigations involving physical employment standards. The investigation 
may enable the researchers to publish the results in a peer review journal.   
We do not predict any direct benefits from participating in the research project. 
However, some participants may find that their understanding of the human 
body and their physical capacity is enhanced as a result of taking part in the 
investigation. All participants upon completion of the investigation or 
withdrawal from will be provided with physical fitness results of the 
assessments performed.  
ITEM 6: FREEDOM OF CONSENT 
 
Participation in this study is entirely voluntary. You are free to deny consent 
before, or during, the experiment. In the latter case, such withdrawal of consent 
should be performed at the time you specify, and not at the end of a particular 
trial. Your participation, or withdrawal of consent, will not influence your 
present, or future, involvement with the University of Wollongong or the 
Australian Defence Force. You have the right to withdraw from any 
experiment, and this right shall be preserved over and above the goals of the 
experiment. 
 
Should you wish to withdraw your participation and related data please 
contact one of the investigators listed in Item 8 of this information sheet to have 
your participation and research data immediately withdrawn from the 
investigation. 
 
ITEM 7: CONFIDENTIALITY 
 
All questions, answers and results of this study will be treated with absolute 
confidentiality. All experimental data will be stored in locked cabinets for a 
minimum of five years. Participants will never be identified within reports or 
manuscripts using either names or initials. Instead, participants will only be 
identified using alphanumeric codes. Occasionally, we will record parts of 
experiments using video or still photographs. Data and images may be used for 
student theses, conference presentations, dissertations, manuscripts, lectures or 
laboratory demonstrations. In all printed forms, we will mask the identity of the 
research participant. Prior to any such photography, you will be asked to 
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provide your explicit consent for such images to be captured. There is no 
obligation to provide this consent. You may request a copy of your results from 
the researchers. 
 
ITEM 8: INQUIRIES 
 
Questions concerning the procedures, or rationale, used in this investigation are 
welcome at any time. Please ask for clarification of any point which you feel is 
not explained to your satisfaction. The two primary points of contact are; Dr 
Herbert Groeller (02 4221 3461, hgroell@uow.edu.au) and Mr Adam Hayes (0400 
167 776, ach975@uowmail.edu.au) from the University of Wollongong, who will 
be present at the testing sessions. 
 
ITEM 9: APPROVAL FOR STUDY CONDUCT 
 
Approval for conduct of this study has been provided by the Australian 
Defence Human Research Ethics Committee (ADHREC). You are encouraged to 
read the accompanying copy of ADHREC’s Guidelines for Volunteers.  
 
 
ITEM 10: FUNDING 
 
This research is funded by the Defence Science and Technology Group as part 
of the broader physical employment standards project. 
 
 
For further information about the conduct of human experiments in general, 
please contact the Secretary of the Human Research Ethics Committee, 
University of Wollongong (phone: 02-4221-4457).  
 
Should you have any complaints or concerns about the manner in which this 
project is conducted, please do not hesitate to contact the researchers in person, 
or you may prefer to contact the ADHREC: 
 
ADHREC Executive Officer  
Directorate of Health Research Coordination  
Department of Defence CANBERRA ACT 2610 



















PARTICIPANT SCREENING QUESTIONNAIRE 
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PARTICIPANT SCREENING QUESTIONNAIRE: 
Exercise Research Laboratory 
School of Health Sciences, University of Wollongong 
Please answer the following questions as frankly and accurately as possible. 
This questionnaire is designed to protect the health of both the subject and 
experimenter. 








______________________________________________________ Post Code  
________ 
TELEPHONE:  Home: _______________________ Work: _____________________ 
DATE OF BIRTH:  ________________ (mm/dd/yr)    AGE:  _________ years 
GENDER:   (   ) male  (   ) female 
MARITAL  STATUS:   (   ) single      (   ) married       (   ) widowed       (   ) separated 
 
SECTION A: OCCUPATIONAL  HISTORY: 
(1) Your current occupation or job: 
__________________________________________________ 
(2) Specify total period at this occupation: ______ years.   
(3) As part of your present or past occupation, have you ever worked in or been exposed 
for long periods to: (   ) dusty jobs     (   ) smoky jobs  (   ) gas fumes  (   ) chemical 
fumes 
 
SECTION B:  MEDICAL HISTORY:  
(1) Your family or personal doctor's details: 





(2) Do you have, or have you had any of these illnesses? 
(a) Heart problems:    (   ) yes      (   ) no 
If yes, please indicate the doctor’s diagnosis: 
_____________________________________ 
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First incident at age ______ years.  Last incident on: ______________ 
(dd/mm/yr). 
(b) Respiratory (lung) problems:    (   ) yes      (   ) no  
If yes, please indicate the doctor's diagnosis: 
_____________________________________ 
First incident at age ______ years.  Last incident on: ______________ 
(dd/mm/yr). 
(c) Renal problems:    (   ) yes      (   ) no 
If yes, please indicate the doctor's diagnosis: 
_____________________________________ 
First incident at age ______ years.  Last incident on: ______________ 
(dd/mm/yr). 
(3) Do you have, or have you had, any of these other illnesses or health problems? 
For example, high blood pressure, diabetes, muscle, bone, joint, neural disorders or 
major operations. If no, skip to next question. If yes, please complete the details below 
for each item. 
(a) If yes, please indicate the doctor's diagnosis: 
__________________________________ 
First incident at age ______ years.  Last incident on: ______________ 
(dd/mm/yr). 
 
(b) If yes, please indicate the doctor's diagnosis: 
__________________________________ 
First incident at age ______ years.  Last incident on: ______________ 
(dd/mm/yr). 
(c) If yes, please indicate the doctor's diagnosis: 
__________________________________ 
First incident at age ______ years.  Last incident on: ______________ 
(dd/mm/yr). 
(4) Do you have any medical condition(s) you feel the researchers should know 
about?  
       (  ) no        (  ) yes: please give details: 
_________________________________________ 
(5) Are you currently taking any medication prescribed by a doctor?   
       (  ) no        (  ) yes: please give details: 
_________________________________________ 
(6) Has a doctor ever said you have a heart condition and recommended only 
medically-supervised physical activity? 
(   ) no               (   ) yes 
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(7) Do you have chest pain which was brought on by physical activity?  
(   ) no               (   ) yes 
(8) Have you developed non-respiratory chest pain within the past month?  
(   ) no               (   ) yes 
(9) Do you have a tendency to lose consciousness or fall over as a result of 
dizziness?  
(   ) no               (   ) yes 
(10) Has a doctor ever recommended medication for blood pressure or a heart 
condition?   
(   ) no               (   ) yes 
(11) Do you have a bone or joint problem that could be aggravated by physical 
activity? 
(   ) no               (   ) yes 
 
 
(12)  Are you aware, through your own experience, or through a doctor's advice, of 
any other physical reason against your exercising without medical supervision?   
(   ) no               (   ) yes 
If yes, please explain briefly: 
_____________________________________________ 
(13) Do you ever have to stop for a rest, or to catch your breath, when:  
(  ) only when engaging in very strenuous exercise 
(  ) walking at your own pace on level ground  
(  ) walking up a slight hill or stairs 
(  ) dressing & undressing 
(  ) gardening 
(  ) other activities: please 
specify:__________________________________________ 
(14) Do you usually cough on getting up, or first thing in the morning? 
(  ) no               (  ) yes 
(15) Do you usually cough during the day or night?  
(  ) no               (  ) yes 
 
(16) Do you usually cough like this most days, or 3 consecutive months during this 
year? 
(  ) no               (  ) yes 
If yes, for how many years have you had this cough?  ______ years. 
(17) Do you usually cough up phlegm on getting up, or first thing in the morning? 
(  ) no               (  ) yes 
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(18) Do you usually cough up phlegm during the day or at night? 
(  ) no               (  ) yes  
(19) Do you usually produce phlegm daily, or 3 consecutive months during this 
year? 
(  ) no               (  ) yes 
If yes, for how many years have you had trouble with phlegm?  ______ years. 
(20)  Does your chest ever sound wheezy or whistling, either at rest or during 
exercise? 
(  ) no               (  ) yes 
If yes, for how many years has it been present?  ______ years.  
(21) Have you ever had an attack of wheezing that has made you feel short of 
breath? 
(  ) no               (  ) yes 
If yes, have you ever required medicine or treatment for such an attack? 




SECTION C: SMOKING HISTORY: 
(1) Have you ever smoked cigarettes?  
(   ) no: go to Section D     (   ) yes 
“NO” means less than 20 packs in a lifetime or less than 1 cigarette a day for 1 year. 
(2) If  yes, do you now smoke cigarettes (as of 1 month ago)?  
(   ) no               (   ) yes 
(3) If yes, how old were you when you first started regular smoking?   __ years. 
 
(4) If yes, how many cigarettes do you smoke per day now? ______ cigarettes per 
day.(5)  If you stopped smoking completely, how old were you when you stopped? 
___ years. 
 
SECTION D: PHYSICAL ACTIVITY HISTORY:  
(1)  Do you consider yourself to be sedentary?  
You exercise once or less per week for the last 10 years or for more than 2 years 
continuously since turning 20 years. 
(  ) no               (  )  yes 
(2)  Do you considered yourself to be habitually active?  
You are currently active, you have a long history of regular physical activity since 
turning 20 years, or for more than 10 years, and you exercise more than 3 times per 
week at an intensity greater than 50% of your maximal capacity. 
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(  ) no               (  )  yes 
(3) Does your employment involve physical work? 
(  ) no               (  )  yes 
If yes, on an average day, how hard would describe this work? 
(  ) light  (  ) moderately heavy  (  ) hard  (  ) very hard 
(4) On average, and when considered over the last month, how frequently are you 
engaged in recreational or sporting physical exercise (such as: running, walking, 
swimming, cycling, playing active sports or games, dancing, etc.)?   
(  ) less than once per week (  ) once per week  (  )  2-3 times per week 
(  )  4-6  times per week  (  )  at least once per day 
(5) On average, and when considered over the last month, how long would you 
spend (in a single session) engaged in these recreational or sporting physical 
exercise?  
(  ) less than 15 minutes at a time   (  ) 15-20 minutes at a time 
(  ) 20-30 minutes at a time   (  ) 30-40 minutes at a time  
(  ) 40-50 minutes at a time   (  ) 50-60 minutes at a time 
(  ) more than 60 minutes at a time 
 (6) Consider now physical activity which is directed towards increasing your 
physical endurance (fitness), that is, vigourous exercise at 60-70% or more of your 
maximal capacity. How many times each week do you engage in this type of 
exercise? 
(   ) never (   ) rarely (   ) less than once per week (   ) once per week 
(   ) 3 times per week   (   )  4 times per week  (   ) 5 times per week 
(   ) 6 times per week (   ) 7 times per week 
 
(7)  On average, and when considered over the last month, how long do engage in 
such endurance exercise for any given exercise session? 
(   ) less than 30 min (   ) 30-40 min  (   ) 40-50 min 
(   ) 50-60 min  (   ) 60-70 min  (   ) 70-80 min 
(   ) 80-90 min  (   ) 90-100 min (   ) 100-110 min 
(   ) 110-120 min (   ) greater than 120 min 
 
(8)  Consider now your hobbies and household duties (such as: gardening, home 
maintenance, scrubbing floors, shopping, etc.) On average, over the last month, 
how frequently do you engage in physical activity which is unrelated to either your 
regular job or your recreational/sporting pursuits? 
(  ) less than once per week (  ) once per week  (  )  2-3 times per week 
(  )  4-6  times per week  (  )  at least once per day 
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(9) On average, and when considered over the last month, how long would you 
spend (in a single session) engaged in the above physical activity? 
(  ) less than 15 minutes at a time   (  ) 15-20 minutes at a time 
(  ) 20-30 minutes at a time   (  ) 30-40 minutes at a time  
(  ) 40-50 minutes at a time   (  ) 50-60 minutes at a time 
(  ) more than 60 minutes at a time 
(10) Have you changed your physical activity patterns in the last 5 years?  
At work:  (  )  no  (  )  increased  (  ) decreased 
Sport and recreation:  (  )  no  (  )  increased  (  ) decreased 
Other physical activity:  (  )  no  (  )  increased  (  ) decreased 
(11) If you answered `YES' to any parts of the above question, then prior to these 
changes, did you consider yourself to be: 
Sedentary:  (  ) no  (  ) yes 




To the best of my knowledge, my answers to the above questions are true.  
 
Name: _____________________________  Witness: 
_________________________ 
Signature: __________________________  Signature: 
_______________________ 
         Date: ________________                 Date: ________________ 
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The Validation of Cardiorespiratory-based Physical Employment Tests 
 
I,……………………………………………  give my consent to participate in the study 
mentioned in the participant information sheet on the following basis: 
 
I have been explained the aims of this research study, how it will be conducted and my 
role in it. 
 
I understand that I am participating in this study in a voluntary capacity and can withdraw at any 
time without penalty or detriment.  
 
I understand the risks involved as described in the participant information sheet. 
 
I understand that in the event of an accident or injury as a result of participating in this research 
study payment of medical costs or compensation is covered under the University of Wollongong 
General Clinical Trial Protection Insurance Policy. 
 
I am co-operating in this project on condition that: 
 The information I provide will be kept confidential and will only be used for this project.  
 The research results will be made available to me at my request and any published reports 
of this study will preserve my anonymity. 
 
Video clips and still shots may be used for reports and presentations, therefore if these clips are 
used you may be identifiable. Please sign and date one of the following options: 
 
OPTION 1: I GIVE permission for the researchers to use video/still shots that may 
identify me. 
 
  ………………………  …………………………. 
  Sign    Date 
 
OPTION 2: I DO NOT give permission to use video/still shots that identify me whether 
pixilated or not. 
 
  ………………………  …………………………. 
  Sign    Date 
 
I have been given a copy of the information sheet, consent form and ADHREC’s Guidelines for 
Volunteers.  
 
I have signed the consent form, which is co-signed and retained by the chief investigator. 
 
…………………………………….   ………………………………… 
Participant’s signature     Principal Researcher’s signature  
      
…………………………………….   ………………………………… 
Printed name      Printed name 
 
…………………………………….   ………………………………… 
Date         Date  
